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Population studies estimate 1 in 17 adults below the age of 40 years are hypertensive1 with higher prevalence in 
those with diabetes mellitus, obesity, familial predisposition, 
or prenatal and other early childhood factors.2–7 Hypertension 
in early life significantly increases the risk of stroke and car-
diovascular disease before the age of 50 years.8–11 However, 
rates of diagnosis are consistently lower in younger adults 
and, even when identified, control is frequently subopti-
mal.5,12–14 This may relate to an acceptance of higher blood 
pressures because of a perceived lower 5-year cardiovascular 
risk, particularly for those in the prehypertensive range. This 
is despite epidemiological evidence of cumulative vascular 
protection and lower disease burden in later life after change 
in blood pressure and lifestyle during early adulthood.9,15–17 
Together, these observations may explain why 1 in 5 strokes 
still occur in the below 55 years age group.18
To reduce burden of early stroke and cardiovascular 
disease, evidence-based guidance is required to improve 
hypertension prevention and management for young adult 
populations. Exploring heterogeneity in response pattern 
Abstract—Previous studies report benefits of exercise for blood pressure control in middle age and older adults, but longer-
term effectiveness in younger adults is not well established. We performed a systematic review and meta-analysis of 
published randomized control trials with meta-regression of potential effect modifiers. An information specialist 
completed a comprehensive search of available data sources, including studies published up to June 2015. Authors 
applied strict inclusion and exclusion criteria to screen 9524 titles. Eligible studies recruited younger adults with a 
cardiovascular risk factor (with at least 25% of cohort aged 18–40 years); the intervention had a defined physical activity 
strategy and reported blood pressure as primary or secondary outcome. Meta-analysis included 14 studies randomizing 
3614 participants, mean age 42.2±6.3 (SD) years. At 3 to 6 months, exercise was associated with a reduction in systolic 
blood pressure of −4.40 mm Hg (95% confidence interval, −5.78 to −3.01) and in diastolic blood pressure of −4.17 
mm Hg (95% confidence interval, −5.42 to −2.93). Intervention effect was not significantly influenced by baseline blood 
pressure, body weight, or subsequent weight loss. Observed intervention effect was lost after 12 months of follow-up 
with no reported benefit over control, mean difference in systolic blood pressure −1.02 mm Hg (95% confidence interval, 
−2.34 to 0.29), and in diastolic blood pressure −0.91 mm Hg (95% confidence interval, −1.85 to 0.02). Current exercise 
guidance provided to reduce blood pressure in younger adults is unlikely to benefit long-term cardiovascular risk. There 
is need for continued research to improve age-specific strategies and recommendations for hypertension prevention 
and management in young adults.  (Hypertension. 2016;68:78-87. DOI: 10.1161/HYPERTENSIONAHA.116.07431.) 
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to exercise and linking exercise response with hyperten-
sive and cardiovascular phenotypes identifiable within 
younger subgroups may be of value in future studies and 
offer opportunity to deliver more personalized and targeted 
intervention strategies. Current guidelines recommend spe-
cialist review of young adults with elevated blood pressure 
because the risk of hypertension may be underestimated in 
the below 40 years age group.19 In the absence of significan  
end organ disease or secondary causes of elevated blood 
pressure, young adults below 40 years of age are encour-
aged to implement lifestyle changes, in particular regular 
exercise, as the first line for hypertension management.20,21 
A limitation of this guidance is that it is based on data from 
physical activity trials in older populations with mean ages 
>50 years.22,23 There are many potential modifiers of inter-
vention effect which are not consistent across age groups, 
including baseline physical activity,24 barriers to participa-
tion,25 and physiological training adaptations.26 Therefore, 
we performed a new systematic review and meta-analysis to 
evaluate the quality of the evidence base and effectiveness 
of exercise intervention to reduce blood pressure in younger 
adult populations.
Methods
Protocol registration: PROSPERO (www.crd.york.ac.uk/PROSPERO/) 
registration number CRD42014009604.
Search Strategy and Selection Criteria
We completed a systematic review in accordance with established 
methods for Cochrane reviews of physical activity interventions 
(Online-only Data Supplement S1). We adhered to the Cochrane 
Handbook for Intervention Reviews and PRISMA statement (Data 
Supplement S2). An information specialist (N.R.) searched the fol-
lowing databases: Cochrane Central Register of Controlled Trials, 
MEDLINE & MEDLINE In Process, EMBASE, CINAHL, AMED, 
PsycINFO, SPORTdiscus, OpenGrey, Science Citation Index & 
Conference Proceedings Citation Index-Science, ACM Digital 
Library, and IEEE Xplore Digital Library. Cochrane highly sensitive 
search was used to identify randomized controlled trials. No language 
or date restrictions were applied. Bibliographies of review articles 
and selected articles were examined for relevant trials. Literature 
searches completed up to June 2015. Full description of data sources 
and search summary are available in the online-only Data Supplement 
(Data Supplement S1; Table S1).
Study Selection and Data Extraction
We included studies with mean population age between 18 and 40 
years or within 1 SD of this range to ensure at least 25% of the 
study population were <40 years of age. To be representative of 
young adults who may be provided advice to manage blood pres-
sure, included studies were required to recruit participants with 
≥1 cardiovascular risk factor, or family history of cardiometabolic 
risk. Risk factors included hypertension or prehypertension (sys-
tolic blood pressure ≥120 mm Hg or diastolic blood pressure ≥80 
mm Hg), overweight (mean body mass index >25 kg/m2) but not 
severely obese (body mass index ≥35 kg/m2), diabetes mellitus, 
metabolic syndrome, dyslipidaemia, smoking, and alcohol con-
sumption. The defined body mass index exclusion criteria were 
based on the understanding that severely obese populations have 
higher burden of comorbidities and potential functional barriers to 
exercise participation that makes them a unique target audience. 
Studies examined the effectiveness of interventions with define  
exercise, physical activity or cardiovascular fitness components. 
The comparator was a control group exposed to placebo, no or 
minimal intervention. Blood pressure was reported as a primary 
or secondary outcome after a minimum follow-up of 3 months. 
Studies were required to have >80% complete follow-up data ana-
lyzing the results by intention-to-treat or, if not applying inten-
tion-to-treat, ensuring <20% study attrition. Additional details on 
inclusion criteria provided in the online-only Data Supplement 
(Data Supplement S1).
Titles and abstracts were screened independently by paired au-
thors (W.W., H.R., A.L., and P.K.). Two authors (W.W. and H.R.) 
independently reviewed full-text articles and extracted data. Study 
inclusion was agreed by consensus in discussion with other authors 
(C.F. and P.L.). Missing or ambiguous data were clarified with the 
corresponding author. We assessed risk of bias for studies that met 
inclusion criteria for meta-analysis using the Cochrane Risk of Bias 
Tool, which was expanded to include risk areas specific for physi-
cal activity and blood pressure interventions (Data Supplement S1). 
Quality of included studies were summarized using the Grading 
of Recommendations Assessment, Development and Evaluation 
(GRADE) approach.27
Statistical Analysis
Studies were analyzed using mean and SD of outcomes expressed in 
the original papers. Clinic blood pressures, measured at rest, were 
reported across all studies and used as the outcome measures. We 
expressed effect size using the mean difference between the postint-
ervention values of the randomized groups. If required, we imputed 
SDs from SEs and confidence intervals (CIs) using methods 
described in the Cochrane handbook.27 When studies investigated 
multiple interventions arms, intervention arms inclusive of exercise 
were included as individual intervention strata. Mean values were 
plotted with associated error bars using forest plots. Statistically 
significant results were identified as CIs excluding a null effect and 
P value of <0.05. Heterogeneity was assessed through examination 
of the forest plots and quantified using the I2 statistic. I2 statistics 
were graded according to Cochrane interpretation (>75% consid-
erable/large heterogeneity). Reporting bias was assessed by plot-
ting a funnel plot of intervention effect on blood pressure (Data 
Supplement S1).
We completed meta-analysis according to Cochrane methods,27 
using RevMan version 5.2 statistical software.28 A random-effects 
model was the default to incorporate heterogeneity between studies, 
the inverse variance method was used to calculate the overall effect 
and SE.29
Planned subgroup analysis of included studies was completed ac-
cording to the following covariants: (1) baseline blood pressure, (2) 
baseline weight, (3) delivery method, whether exercise was self-di-
rected or supervised, (4) estimated contact time between participants 
and intervention, (5) target intensity of exercise, and (6) change in 
weight after intervention (Data Supplement S1).
Meta-regression analysis was performed using the Wilson 
(2010) SPSS macro using IBM SPSS Statistics for Windows, 
version 22.0.30 Meta-regression was performed using a random-
effects model to examine whether study level covariates (potential 
effect modifiers) predict intervention effect on systolic and dia-
stolic blood pressure between studies at 3 to 6 months follow-up. 
A priori the following factors where agreed for inclusion in the 
meta-regression model: (1) mean arterial blood pressure combin-
ing systolic and diastolic blood pressure, (2) estimated contact 
time between participants and intervention, (3) target exercise 
intensity during intervention, and (4) effect of intervention on 
weight loss calculated as the standard mean difference between 
intervention and control post intervention to allow comparison 




We screened 9524 titles and abstracts reviewing 786 full-text 
articles (Figure 1). We identified 14 randomized control tri-
als (RCTs) with 20 exercise intervention arms for inclusion, 
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published between 1985 and 2015 (Table 1; Table S2). The 
RCTs randomized 3614 participants with a recognized car-
diovascular risk factor, mean age 42.2 years (SD, 6.3). Over 
75% of participants were white and only 35% were female 
(Table 1). The studies recruited prehypertensive and stage 
1 hypertensive participants. The majority of stage 1 hyper-
tensives were not medicated at time of intervention, 1 study 
included participants that continued with antihypertensive 
prescription (n=15).
Excluded studies, with explanation of exclusion listed 
in the online-only Data Supplement (Table S3). The major 
reason for study exclusion was age of population outside 
inclusion criteria (n=323; Figure 1). One hundred fifty
eight of these studies reported blood pressure as a pri-
mary outcome, of these, 73 studies excluded participants 
<35 years of age. None of the excluded cardiovascular 
studies performed subgroup analysis separating interven-
tion effects by age. Other common explanations for study 
exclusion included non-RCT design or lack of true exercise 
control arms (n=181), or study objectives focused on acute 
or short-term exercise response, primarily in healthy par-
ticipants (n=51).
Description of Included Studies
The majority of participants received a combined behav-
ioral intervention with a defined physical activity strategy 
(Table S2). Eighteen intervention exercise arms targeted 
increase in moderate to vigorous physical activity, 12 
intervention arms delivered structured, supervised aerobic 
exercise programs in gym and group environments with 
intensity defined by baseline exercise testing. Seven trial 
intervention arms promoted self-directed increase in physi-
cal activity supported by regular group and individual coun-
seling sessions. Behavioral counseling was delivered by 
multidisciplinary professional groups. Contact time with the 
intervention in the first 3 months ranged from 5 to 48 hours, 
average 25 hours. The average in the first 3 months for stud-
ies reporting 3- to 6-month outcome was 30 hours (Table 
S2). The minimum follow-up for inclusion in the present 
systematic review was 3 months, 10 studies report 3 to 6 
months of follow-up data (15 intervention arms, n=2716). 
Five studies complete follow-up at 3 months and 6 stud-
ies report follow-up after 12 months (8 intervention arms, 
n=3023, Table S2).
Figure 1. PRISMA flow diagram describing the screening and selection of studies for inclusion in meta-analysis.
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Risk of Bias and Quality Assessment
The funnel plot of intervention effect on systolic blood pres-
sure was symmetrical about the mean effect size line, sug-
gesting there was no particular study publication bias (Figure 
S1). Overall quality of the included RCTs using the GRADE 
approach suggests moderate quality data (Figure S2). In total, 
9 studies are downgraded secondary to study design and out-
come reporting being unclear or at risk of bias with limited 
reporting of participant allocation methods and lack of clari-
fication of blinding during outcome assessment. A significant
limitation of the included studies was the lack of reference 
to published study protocols that adhere to the template for 
intervention description and replication.31 Only the Trials of 
Hypertension Prevention (TOHP) and ProActive UK stud-
ies consistently reference published study protocols (Data 
Supplement S3; Table S2).
Table 1. Baseline Description of Study Populations Participating in RCTs Included in Meta-Analysis
Study
Mean Age 
(SD) Age Range, Y Female, %
Weight, kg 
(SD) BMI, kg/m2
Intervention Group, BP 
mm Hg
Control Group, BP  
mm Hg
Systolic Diastolic Systolic Diastolic
Duncan, 1985 30.4 (.) 21–37 0 86.4 (14) … 146.3 (5.9) 94.3 (4) 145 (5.5) 93.3 (3.8)
Stamler, 1989 37 (3.5) 30–44 13 84.3 (11) … 122.2 (6.7) 82.4 (2.8) 122.9 (7) 82.6 (3)
Blumenthal, 1991 
Aerobic Exercise
45.2 (7.8) 29–59 38 82 (13) 27 141 (9) 96 (6) 142 (12) 96 (6)
Blumenthal, 1991 
Strength
45.2 (7.8) 29–59 42 81 (15) 27.2 143 (10) 95 (5) 142 (12) 96 (6)
Stevens 1993
TOPH Weight Loss 
and Exercise




43.6 (6.2) 30–54 31 93.6 (14.2) … 127.4 (6.5) 86 (1.9) 127.3 (6.4) 85.8 (1.9)
Whelton 1997
TOHP Weight Loss 
and Exercise
43.4 (6.1) 30–54 37 93.4 (14.1) … 127.6 (6.1) 86 (1.9) 127.3 (6.4) 85.8 (1.9)
Blumenthal 2000 
Aerobic exercise




48.5 (8.9) >29 62 93.3 (17.7) 32.1 142.7 (10.4) 93.2 (5.2) 143.8 (6.9) 94.4 (3.4)
Tsai 2002 41 (8.6) 20–60 45.2 … 23.6 134.3 (12.2) 85.3(10.2) 137.6 (7.9) 91.6 (7.9)
Esposito 2003 34.6 (5) 20–46 100 94.5 (9.3) 34.8 124 (8.5) 85 (4.7) 123 (7.9) 85 (4.9)
Olson 2006 38 (6) 24–44 30 38 (6) 27.6 119 (7.7) 67 (7.7) 119 (11.6) 68 (11.6)
Kinmonth 2008
In Person
40.6 (6) 20–50 62 78.6 (15.6) 27.7 122.6 (12.6) 77.9 (9.0) 122.6 (12.6) 78.2 (9.0)
Kinmonth 2008 
Telephone
40.6 (6) 20–50 62 79.9 (18) 27.8 124.2 (13.0) 79.1 
(10.6)
122.6 (12.6) 78.2 (9.0)
Marquez-Celedonio 
2009
43.2 (7·8) 30–55 . 78.1 (15) 31.2 133.0 (4.4) 87.6 
(2.84)
132.7 (4.2) 85.6 (4.1)
Knoepfli-Lenzin 
2010 Football
37 (4) 20–45 0 82.1 (8.7) 26 134 (7.0) 87 (4.0) 134 (4.0) 86 (3)
Knoepfli-Lenzin 
2010 Running
36 (5) 20–45 0 87.3 (9.4) 26 136 (9.0) 87 (5.0) 134 (4.0) 86 (3)
Edwards 2011 
Aerobic Exercise
45.9 (10.4) 25–65 50 … 30.1 140.6 (9.8) 89.8 
(11.2)




45.9 (10.4) 25–65 50 … 31.2 139.9 (10.5) 85.1 (10) 137.6 (11.5) 88.2 (9.2)
Krustrup 2012 46 (7.3) 31–54 0 97.8 (13.6) 30 151 (10) 92 (7) 153 (8) 96 (6)
Mean values presented with SD. Sex distribution presented as percentage of females included. Missing or unreported values represented as (.). BMI indicates body 
mass index, kg/m2; BP, blood pressure; RCTs, randomized control trials; and TOHP, Trials of Hypertension Prevention.







82  Hypertension  July 2016
Participant Compliance With Intervention and 
Effect on Cardiovascular Fitness and Weight
The majority of studies reported >80% participant compliance 
with intervention at 3 to 6 months, recorded as attendance at 
supervised classes and group meetings, or achievement of 
behavioral targets, such as self-reported minutes of activity. 
However, compliance with behavioral targets dropped to an 
estimated 40% beyond 12 months.
Eight intervention arms deliver exercise in combination 
with weight management, 4 of these interventions report a 
significant reduction in weight loss compared with control at 
3 to 6 months (Figure S3a). Dietary assessment was under-
taken using self-report diaries during periods of 1 to 7 days. 
The majority of studies use diary cards as aids to behavior 
change as opposed to assessing compliance, only 3 stud-
ies report the change in dietary intake. Mean cardiovascular 
fitness was reported from 14 intervention arms, the median 
increase was 12% improvement in peak exercise capacity 
(range, 3%–30%).
Intervention Effect on Blood Pressure
Forest plots for mean differences in systolic and diastolic 
blood pressure after 3 to 6 months of intervention are pre-
sented in Figure 2 (Figure S4a and S4b). Mean difference in 
systolic blood pressure was −4.40 mm Hg (95% CI, −5.78 to 
−3.01) and −4.17 mm Hg (95% CI, −5.42 to −2.93) for dia-
stolic blood pressure when intervention was compared with 
control.
There are no significant differences between intervention 
and control group blood pressures when followed up at, or 
beyond, 12 months (Figure 2; Data Supplement S5a and S5b). 
Mean difference in systolic blood pressure −1.02 mm Hg (95% 
CI, −2.34 to 0.29) and mean difference in diastolic blood pres-
sure was −0.91 mm Hg (95% CI, −1.85 to 0.02).
Subgroup Analysis
I2 statistic identified moderate to considerable heterogeneity 
across the studies (56%–72%) at 3 to 6 months of follow-up. 
Subgroup analysis did not provide a consistent explanation for 
Figure 2. Forest plot demonstrating mean difference in systolic and diastolic blood pressure (mm Hg) after 3 to 6 months (A and B) and 
at, or beyond 12 months (C and D) follow-up. Included studies are all randomized control trial design delivering exercise and physical 
activity lifestyle intervention. Results for individual exercise intervention arms reported when available. Squares represent mean difference 
between intervention and control post intervention with 95% confidence intervals (CIs), size of the square proportional to the weight of the 
study; pooled estimates from meta-analysis are depicted as solid black diamonds.
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heterogeneity between studies for both systolic and diastolic 
blood pressure. I2 statistic reduced to <45% for systolic blood 
pressure when analysis was restricted to hypertensive groups, 
groups with baseline weight >90 kg and self-directed inter-
vention (Table 2).
Supervised aerobic exercise, higher exercise intensity, 
and increased contact time with intervention were associated 
with larger reductions in systolic and diastolic blood pres-
sures (Table 2). Reduction in diastolic blood pressure was sig-
nificantly greater when comparing supervised (−5.43 mm Hg 
[95% CI, −7.58 to −3.28]) with self-directed exercise (−2.64 
mm Hg [95% CI, −3.20 to −2.08]) and when intervention 
targeted higher intensity compared with moderate intensity. 
Blood pressure reductions appeared greater in association 
with >4 kg weight loss, a weight loss threshold identified from 
previous systematic review.32 However, observed differences 
did not reach significance (systolic BP, −5.03 mm Hg [95% 
CI, −6.89 to −3.17] versus −2.61 mm Hg [95% CI, −5.77 
to 0.55] and diastolic BP, −4.77 mm Hg, [95% CI, −6.54 to 
−2.99] versus −2.95 mm Hg [95% CI, −4.76 to −1.13]). There 
were no significant differences in intervention effect when 
groups were separated as hypertensive or prehypertensive at 
baseline (Table 2).
Meta-Regression
The a priori meta-regression model explained 50% of variance 
in intervention effect on systolic blood pressure. Increased 
intensity of exercise and hours of contact with the interven-
tion were significantly associated with reduction in systolic 
blood pressure (Table 3). Baseline mean arterial blood pres-
sure and standard mean difference in weight loss (Figure S3a) 
between exercise and control groups post intervention were 
not significant predictors of mean reduction in systolic bloo  
pressure. The a priori model did not provide significant expla-
nation for variance in diastolic blood pressure response.
Discussion
This is the first systematic review to apply age criteria to 
evaluate the RCT evidence base to promote exercise to 
prevent and manage hypertension in younger adults. In the 
short-term (3–6 months), exercise and physical activity 
interventions are beneficial, with between 4 and 5 mm Hg 
Table 2. Subgroup Analysis of Effects of Intervention on Systolic and Diastolic Blood Pressure According to Study Level 
Characteristics
Group Intervention Arms n Systolic BP, mm Hg Diastolic BP, mm Hg
Overall Intervention effect ≤6 months of follow-up 15 2716 −4.40 (−5.78, −3.01)
I 2=56%, Z=6.22 (P<0.00001)
−4·17 (−5·42, −2·93)
I 2=72%, Z=6·57 (P<0·00001)
Intervention effect ≥12 months 8 3023 −1.02 (−2.34, 0.29)
I 2=64%, Z=1.53 (P=0.13)
−0.91 (−1·85, 0·02)
I 2=62%, Z=1.92 (P=0·06)
Baseline weight <90 kg 7 815 −3.0 (−6.04, 0.05)
I 2=72%, Z=1.93 (P=0.05)
−3·88 (−6·13, −1·63)
I 2=73%, Z=3·38 (P=0·0007)
Baseline weight ≥90 kg 5 1806 −4.23(−5.49, −2.98)
I 2=32%, Z=6.6 (P<0.00001)
−3·69 (−5·09, −2·30)
I 2=69%, Z=5·2 (P<0·0001)
Baseline systolic BP <140 mm Hg and Diastolic 
<90 mm Hg
7 2370 −4.41 (−6.06, −2.77)
I 2=69%, Z=5.25 (P<0.00001)
−3·87 (−5·33, −2·41)
I 2=77%, Z=5·20 (P<0·00001)
Baseline systolic BP ≥140 mm Hg and or Diastolic 
≥90 mm Hg
8 346 −4.35 (−7.26, −1.44)
I 2=42%, Z=2.93 (P=0.003)
−4·55 (−6·91, −2·19)
I 2=62%, Z=3·78 (P=0·0002)
Aerobic supervised exercise (follow-up ≤6 months) 11 475 −5.40 (−8.08, −2.72)
I 2=56%, Z=3.95 (P<0.0001)
−5·43 (−7·58, −3·28)
I 2=67%, Z=4·95 (P<0·00001)
Self-directed physical activity (follow-up ≤6 
months)
3 2199 −3.81 (−4.52, −3.09)
I 2=0%, Z=10.39 (P<0.00001)
−2·64 (−3·20, −2·08)
I 2=0%, Z=9·18 (P<0·00001)
Weight loss >4 kg 6 1586 −5.03 (−6.89, −3.17)
I 2=65%, Z=5·31 (P<0.00001)
−4·77 (−6·54, −2·99)
I 2=79%, Z=5·27 (P<0·00001)
Weight loss ≤4 kg 6 1236 −2.61 (−5.77, 0.55)
I 2=61%, Z=2.07 (P=0.11)
−2·95 (−4·76, −1·13)
I 2=53%, Z=3·18 (P=0·001)
Moderate exercise intensity (≤60%) 5 2265 −3.40 (−4.59, −2.21)
I 2=50%, Z=5.60 (P<0.0001)
−2.58 (−3.13, −2.03)
I 2=0%, Z=9.14 (P<0.00001)
Moderate to vigorous intensity (>60%) 10 451 −6.19 (−8.64, −3.73)
I 2=43%, Z=4.93 (P<0.0001)
−5.92 (−8.09, −3.76)
I 2=64%, Z=5.36 (P<0.00001)
Contact time <60 h 9 806 −2.83 (−5.33, −0.34)
I 2=46%, Z=2.23 (P=0.03)
−3.91 (−6.33, −1.49)
I 2=67%, Z=3.16 (P=0.002)
Contact time, ≥60 h 6 1910 −5.61 (−7.55, −3.67)
I 2=69%, Z=5.68 (P<0.00001)
−4.57 (−6.22, −2.92)
I 2=80%, Z=5.42 (P<0.00001)
Results at 3- to 6-month follow-up used unless otherwise stated. Mean differences are pooled estimates from meta-analysis with 95% confidence intervals. I2 values 
reported as measure of heterogeneity. Z scores with associated P values reported as test for overall effect.
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reductions in blood pressure. This is a larger effect than 
reported from a recent review reporting results from older 
adult groups and prehypertension groups.22 This may be 
explained by selection criteria, we excluded normotensive 
cohorts with no cardiovascular risk factors. Alternatively, 
the result may suggest that younger adults may be more 
responsive to exercise as an intervention to lower blood 
pressure. There were also comparable benefits in blood 
pressure reduction for both prehypertension and hyperten-
sion groups, which have not been observed previously in 
older adult groups.22 Early adulthood may be an important 
life stage to target cardiovascular risk reduction. It is iden-
tified as a period where at risk groups present with hyper-
tension.7 In addition, adverse cardiovascular risk profile  
in early adulthood are predictive of future morbidity.17,33,34 
Transition to early adulthood is identified as a period of 
decline in physical activity,35 with low fitness in early adult-
hood predictive of cardiometabolic dysfunction in middle 
age.36,37 In contrast, maintained or increased cardiovascular 
fitness in younger adults can change cardiovascular risk tra-
jectory.16,38 However, a dominant finding is that we have not 
observed any sustained effects in blood pressure reduction 
from studies reporting outcomes after 12 months. This is 
the first review in the blood pressure literature to explore 
the sustained effects of exercise intervention and the first to 
exclude studies with <3 months follow-up, which may have 
previously contributed to overestimation of effect.22,39 Our 
reported findings are similar to patterns observed in the gen-
eral physical activity literature with a longitudinal decline in 
compliance with maintaining physical activity. The current 
evidence supports the need to build more detailed physical 
activity recommendations for hypertension management in 
younger adult populations.
Current guidelines recommend review of adults below 40 
years of age with elevated blood pressure for exclusion of sec-
ondary causes of hypertension.19 The age inclusion criteria for 
this review were defined to align with this practice. However, 
a major limitation is the paucity of studies recruiting younger 
adults. Hypertension in younger adults is complicated by 
high rates of underdiagnosis and, when identified, suboptimal 
treatment.5,12–14 These deficiencies may reflect broader mis-
conception that younger age is sufficiently protective against 
cardiovascular risk.5,12–14 This pattern is reflected in this review 
with an observed age bias for study recruitment in favor of 
older adults. The majority of excluded trials recruit cohorts 
>50 years of age. In addition, >46% of studies reporting blood 
pressure as a primary outcome excluded participants below 35 
years of age.
Improved risk evaluation and interpretation of the ben-
efits of blood pressure reduction may facilitate discussion 
on how to reform hypertension management for younger 
adults. An example is clinical interpretation of the reported 
4 to 5 mm Hg reduction in blood pressure, if this was sus-
tained in a younger adult cohort with prehypertension, the 
estimated 5-year incidence of hypertension would reduce 
from 1 in 5 to 1 in 10.40 This interpretation may be more 
beneficial than prediction of 10-year risk of cardiovascular 
events, which is difficult in younger adults.41,42 However, 
long-term benefits on cardiovascular end points can be esti-
mated; a sustained 2 mm Hg reduction in blood pressure 
could translate to 7% to 10% reduction in stroke and isch-
emic cardiovascular event.9 The major challenge is how to 
achieve sustained effect. In this review, intervention effect 
dropped to 1 mm Hg by 12 months with no significant dif-
ference compared with control.
To provide a platform to improve future intervention 
design, we present an evaluation of study level character-
istics that predict intervention effect at 3 to 6 months. With 
regard to intervention strategy and delivery, both supervised 
and self-directed exercise achieve reduction in blood pres-
sure, although effect was greater with supervised exercise. 
This may reflect a dose effect; supervised exercise was 
associated with increased exercise participation in the short-
term. This group also achieved higher exercise intensity and 
increased cardiovascular fitness. However, higher volumes 
of planned contact time between participant and interven-
tion, irrespective of intensity, or self-directed exercise were 
also associated with greater reduction in blood pressure at 
3 to 6 months. Explanation for the subgroup analyses may 
relate to distinctions between physiological and behavioral 
influences of intervention. The exposure to higher exercise 
intensity may drive a mechanism for change in blood pres-
sure distinct from low-level activity. Self-directed and lower 
intensity exercise had relatively lower effects on diastolic 
blood pressure, which is consistent with previous observa-
tions that blood pressure responses differ with intervention 
strategy.22,23,32
The finding that contact time, independent of intensity is 
associated with a positive influence on systolic blood pres-
sure may support a beneficial effect of increased frequency 
Table 3. Meta-Regression Model Comparing Effect of Study Level Covariates on Post Intervention Systolic (1) and Diastolic (2) 
Blood Pressure (mm Hg) Compared With Control
Model 1. Systolic Blood Pressure Model 2. Diastolic Blood Pressure
Variable β
1
±SE 95% CI Z (P ) β
1
±SE 95% CI Z (P )
MABP, mm Hg 0.3161±0.1625 −0.0230, 0.6346 1.95 (0.052) −0.0255±0.1966 −0.4108, 0.3599 −0.13 (0.897)
Hours of contact −0.0718±0.0336 −0.1376, −0.0060 −2.14 (0.032) 0.0192±0.0404 −0.0601, 0.0985 0.47 (0.635)
Exercise intensity −0.1458±0.0601 −0.2636, −0.0281 −2.43 (0.015) −0.1275±0.0724 −0.2695, 0.0144 −1.76 (0.078)
Weight loss −0.9610±1.6473 −4.1897, 2.2677 −0.58 (0.560) 2.1510±1.9962 −1.7615, 6.0635 1.08 (0.281)
Model statistics for systolic blood pressure R 2=0.50, Q=16.4, df=4.0, P=0.0025. Model statistics for diastolic blood pressure R 2=0.23, Q=4.95, df=4.0, P=0.293. CI 
indicates confidence intervals; MABP, mean arterial blood pressure at baseline, mm Hg; and Z(p), z-score and P value.
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of low to moderate activity. However, interpretation is limited 
without objective and repeated measures of physical activ-
ity behavior, which was not reported in studies with 3 to 6 
months of outcomes. Alternatively, planned contact, inclusive 
of telephone and remote contact may be a stimulus for sus-
tained behavior. Unfortunately, the pattern across studies is 
that as contact is withdrawn intervention effect declines. This 
is despite several studies implementing recommended behav-
ior strategies, such as promotion of participant self-effica y, 
activity planning, self-monitoring, and participant feed-
back.25,43 Participant motivation and self-effica y are of partic-
ular relevance as, despite the low attrition rates, the included 
studies report decline in scheduled attendance and compliance 
with intervention targets from >80% at 3 to 6 months to 40% 
at 18 months. There are currently no strategies that effectively 
address the challenge of promoting sustained long-term physi-
cal activity behavioral change. A promising approach is a 
personalized intervention supported by device-assisted behav-
ioral change and fl xible communication strategies to better 
sustain effective intervention.43 The use of wearable activity 
monitors and physical activity tracking applications on mobile 
devices can provide objective measures of behavior, facilitate 
self-monitoring, and allow real-time feedback. However, the 
resource demands of maintaining high contact time and tech-
nology supported behavior change may be a barrier to clini-
cal translation. Economic evaluation of effective interventions 
with reference to delivery cost and process evaluation of 
strategies to sustain participant engagement, motivation, and 
compliance may help to drive innovation and overcome these 
barriers.
Improvement in intervention design and delivery may also 
benefit from more transparency and disclosure of the specific
methods and content of delivered communication strategies. 
There were often only brief summaries available, which 
described the professional team, if communication training 
was provided to the team, and broad categorical descriptors 
of intervention themes discussed with participants. In the cur-
rent review, several studies focused communication strategies 
around weight loss, promoting exercise as a mechanism for 
weight loss. However, an interesting observation from the 
review which may help to guide the evolution of future stud-
ies is the patterns of intervention effect associated with weight 
loss. Previous review identified that weight loss >4 kg was 
required to achieve significant blood pressure reduction.32 
However, in our review, short-term benefits of exercise on 
blood pressure were seen even in those who did not achieve 
this degree of weight loss. This observation is supported 
by weight loss not being a significant effect modifier in the 
regression model. The positive message is that in the short-
term, exercise is beneficial for blood pressure reduction inde-
pendent of pre- or postintervention weight. Distinguishing 
between the independent benefits of exercise and weight 
loss may facilitate effective communication and participant 
engagement strategies, especially when participants may be 
motivated by different health and well-being goals.
Limitations
Major limitations are the paucity of research studies recruit-
ing younger adult or performing subgroup analysis defined
by age. Included studies did not present results by age pre-
venting analysis of effect in early adulthood. Evaluation of 
the available literature base would be strengthened by meta-
analysis of individual participant data, but this was outside 
the scope of the review. The results would be strengthened 
by using ambulatory blood pressure, only 3 studies reported 
ambulatory blood pressure in addition to clinic blood pres-
sure. Identification of effective intervention components is 
limited by several study level factors, including lack of objec-
tive measurement and tracking of physical activity behavior, 
limited description of content and delivery of communication 
strategies, and lack of disclosure of effectiveness of intermedi-
ate intervention process outputs such as strategies to maintain 
participant engagement and compliance. In the majority of 
studies, there is also risk of bias in relation to participant allo-
cation concealment and blinding of outcome assessors, with 
methods not discussed or unclear, which may risk overestima-
tion of intervention effectiveness. However, overall the quality 
of included studies were moderate and funnel plots suggest no 
evidence of reporting bias, though caution in interpretation is 
required because of the small number of studies.
Perspectives
This review raises concern that current clinical practice to 
promote lifestyle and exercise intervention risks suboptimal 
management of young adult hypertension. Although it has 
been pragmatic to assume that exercise will improve blood 
pressure in young adults, the available evidence suggests cur-
rent intervention strategies do not maintain long-term ben-
efit. Discussion with young adult patient and public groups 
highlight that lifestyle interventions remain an attractive alter-
native to starting potential lifelong prescriptions for blood 
pressure. However, short-term reduction in blood pressure 
reported in this review involved multiple contacts over time 
and delivery of targeted exercise prescription. These strategies 
generally required supervised exercise interventions, which 
are expensive and currently not widely supported.44 A major 
challenge for the clinical research community is to design 
and evaluate interventions which target sustained increase in 
physical activity behavior, accommodate potential for titration 
of exercise prescription, and deliver improvement in the cost 
per quality adjusted life year. Translation of research findings
into clinical practice may be improved by study design incor-
porating comparative adaptiveness evaluations and exploring 
interactive effects with prescription medication. Going for-
ward there seems to be a need for strategic overhaul of the 
approaches implemented in the prevention and management 
of young adult blood pressure.
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What Is New?
•	An age defined review of randomized trials, with long-term follow-up, 
designed to assess effectiveness of exercise intervention for blood pres-
sure reduction in younger adults.
What is Relevant?
•	Exercise intervention is beneficial for young adults in the short-term at 
3 to 6 months but has no sustained effect at, or beyond, 12 months. 
Efficacy of intervention at 3 to 6 months was dependent on intensity of 
exercise and contact time with intervention teams.
Summary
Current recommendations for lifestyle and exercise interventions 
risk undertreating younger adults. There is a need for review of 
practice and development of affordable interventions that deliver 
appropriate dose of exercise and sustained behavior change.
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Data Sources 
Cochrane Central Register of Controlled Trials (Cochrane Library, Wiley)[Issue 5, 
2015], MEDLINE & MEDLINE In Process (OvidSP) [1946-present], EMBASE 
(OvidSP0[1974- June 2015 (week 2)], CINAHL (EBSCOHost) [1982-present], AMED 
(OvidSP) [1985-June 2015], PsycINFO (OvidSP) [1967-present], SPORTdiscus 
(EBSCOHost) [17th June 2015], OpenGrey, Science Citation Index & Conference 
Proceedings Citation Index-Science (Wed of Science, Thomson Reuters) [1945-
present], ACM Digital Library and IEEE Xplore Digital Library. Cochrane highly 
sensitive search was used to identify randomized controlled trials. No language or date 
restrictions were applied. Bibliographies of relevant review articles and selected 
articles were examined for potentially relevant trials. Literature searches completed up 
to June 2015 
Study Inclusion Criteria and Selection 
The following inclusion criteria were applied to determine if the full paper needed 
further scrutiny.  
Did the study: 
1. Aim to examine the effectiveness of an intervention that included an 
exercise/physical activity/cardiovascular fitness component on a primary outcome of 
blood pressure? 
2. Include a participant population with a cardiovascular risk factor including 
hypertension or pre-hypertension (systolic blood pressure ≥ 120 mmHg and/or 
diastolic blood pressure ≥ 80 mmHg), overweight (mean BMI > 25 kg/m2)  but not 
severely obese (mean BMI > 35 kg/m2), diabetes, metabolic syndrome and 
dyslipidaemia, family history of cardiovascular or metabolic risk, or smoking and 
alcohol consumption? 
3. Allocate participants to the intervention or control group using a method of 
randomisation? 
4. Have a control group that is exposed to placebo, no and/or minimal intervention? 
5. Include adults of 18 years and older, with a mean population age below 40 years 
old or within one standard deviation of this range, with aim for at least 25% of the study 
population to be younger adults? 
6. Recruit community dwelling adults? 
7. Have a follow-up period of at least 3 months between commencing the intervention 
and measuring the outcomes?  
8. Have over 80% complete follow-up data analysing the results by intention-to-treat 
or, if not applying intention to treat, ensuring that there is less than 20% attrition from 
the study? 
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Data collection and management 
Data extraction was piloted by two authors (CF, WW) and subsequently adjusted to 
ensure it captured the relevant data. Two authors (WW and HR) independently 
extracted the data from all the selected studies using a standard template piloted in 
previous Cochrane reviews.1,2 When there was disagreement a third author reviewed 
the study and a consensus was reached (PL or CF). We separately extracted data 
from multiple publications of the same study and then combined them to avoid 
replication. Any missing or ambiguous data was clarified with the study corresponding 
author. 
Assessment of risk of bias in included studies 
The risk of bias was only assessed and reported for studies that met the inclusion 
criteria for meta-analysis.3 The Cochrane Risk of Bias assessment instrument was 
expanded to include risk of bias assessment specific for physical activity and blood 
pressure interventions.2 Two authors (WW, HR) assessed the risk of bias. Where there 
was disagreement between review authors in the risk of bias assessment, a third 
author (CF or PL) was asked to independently appraise the study and discrepancies 
were resolved by consensus between authors.  
We assessed the studies for the five general domains of bias: selection, performance, 
attrition, detection, and reporting. Risk of bias scores were allocated for: 
1. Allocation sequence generation; 
2. Allocation concealment; 
3. Incomplete outcome data; 
4. Selective outcome reporting; 
5. Comparable groups at baseline; 
6. Contamination between groups, 
7. Validated blood pressure measurement protocol, 
8. Outcome measure applied appropriately; 
9. Final analysis adjusted for baseline blood pressure levels; 
10. Outcome assessment that was independently and blinded; 
11. Intention-to-treat analysis 
Where sufficient information was available, each domain was identified as “high” or 
“low” risk of bias. Where there was a lack of information or uncertainty over the 
potential for bias, we described the domain as “unclear”.2 We judged the studies 
overall as having a “low”, “medium”, or “high” risk of bias given consideration of the 
study design and size, and the potential impact of the identified weakness noted in the 
table for each study. The assessment of risk of bias and quality of included RCTs was 
then summarized using the GRADE approach.4 
Summary measures of treatment effect and unit of analysis 
Studies were analysed using the mean and standard deviation (SD) of outcomes 
expressed in the original papers. We expressed the effect size using the mean 
difference between the post-intervention values of the randomized groups. We used 
outcomes reported for short term follow-up between 3 and 6 months and extended 
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follow-up beyond 12 months when available. When studies investigated multiple 
interventions arms, the intervention arms inclusive of exercise were included as 
individual intervention strata. Mean differences in blood pressure following study 
intervention were presented for separate intervention arms when available. Mean 
values were plotted with associated error bars using forest plots. Statistically 
significant results were identified as confidence intervals excluding a null effect and an 
alpha value for z<0·05. 
Dealing with missing data 
Missing data was identified on the data extraction template consistent with our 
previous Cochrane review protocols.2 We contacted the authors of potentially eligible 
studies if missing data were unclear or data had not been fully reported.  Imputed 
standard deviations from standard errors and confidence intervals for group means 
were calculated using methods described in the Cochrane handbook.4  
Assessment of heterogeneity 
Heterogeneity was quantified and evaluated to determine whether the observed 
variation in the study results was compatible with the variation expected by chance 
alone.4 Heterogeneity was assessed through examination of the forest plots and 
quantified using the I2 statistic according to the type of outcome utilised. I2 statistics 
were graded according to Cochrane interpretation (>75% considerable/large 
heterogeneity).   
Assessment of reporting biases 
In accordance with Cochrane guidance, reporting bias was assessed by plotting a 
funnel plot of intervention effect on blood pressure.5 To improve homogeneity, 
outcome data for the funnel plot was used for the earliest available follow-up, which 
was 3-6 months in the majority of studies. 
Subgroup Analysis 
Secondary objectives defined in the study protocol were to explore intervention effects 
in relation to 1) Baseline cardiovascular risk of participants, 2) Intervention 
components including: delivery methods, intensity of contact between participant and 
intervention and exercise prescription, 3) Participant cardiovascular fitness or physical 
activity, 4) Change in lipid or cholesterol status. Post study selection and data 
extraction the available data facilitated analysis on the effect of the following co-
variants: 1) Baseline blood pressure, 2) Baseline weight 3) Delivery method, whether 
exercise was self-directed or supervised 4) Estimated contact time between 
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S2.  PRISMA Checklist  
 
Section/topic  # Checklist item  Reported on page #  
TITLE   
Title  1 Identify the report as a systematic review, meta-analysis, or both.  1 
ABSTRACT   
Structured 
summary  
2 Provide a structured summary including, as applicable: background; 
objectives; data sources; study eligibility criteria, participants, and 
interventions; study appraisal and synthesis methods; results; limitations; 
conclusions and implications of key findings; systematic review 
registration number.  
2, 3 
INTRODUCTION   
Rationale  3 Describe the rationale for the review in the context of what is already 
known.  
4 
Objectives  4 Provide an explicit statement of questions being addressed with reference 




METHODS   
Protocol and 
registration  
5 Indicate if a review protocol exists, if and where it can be accessed (e.g., 
Web address), and, if available, provide registration information including 
registration number.  
5 
Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and report 
characteristics (e.g., years considered, language, publication status) used 




7 Describe all information sources (e.g., databases with dates of coverage, 
contact with study authors to identify additional studies) in the search and 
date last searched.  
5 
Supplement 
Search  8 Present full electronic search strategy for at least one database, including 
any limits used, such that it could be repeated.  
5,  
Supplement 
Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included 





10 Describe method of data extraction from reports (e.g., piloted forms, 
independently, in duplicate) and any processes for obtaining and 
confirming data from investigators.  
6-7 
Supplement 
Data items  11 List and define all variables for which data were sought (e.g., PICOS, 
funding sources) and any assumptions and simplifications made.  
6-7 
Supplement 
Risk of bias in 
individual studies  
12 Describe methods used for assessing risk of bias of individual studies 
(including specification of whether this was done at the study or outcome 










14 Describe the methods of handling data and combining results of studies, if 
done, including measures of consistency (e.g., I2) for each meta-analysis.  
6-7 
Supplement 
Section/topic  # Checklist item  Reported on page #  
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From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097. doi:10.1371/journal.pmed1000097  









Risk of bias 
across studies  
15 Specify any assessment of risk of bias that may affect the cumulative 





16 Describe methods of additional analyses (e.g., sensitivity or subgroup 
analyses, meta-regression), if done, indicating which were pre-specified.  
6-7 
Supplement 
RESULTS   
Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in 
the review, with reasons for exclusions at each stage, ideally with a flow 
diagram.  
8, Figure 1 
Study 
characteristics  
18 For each study, present characteristics for which data were extracted (e.g., 
study size, PICOS, follow-up period) and provide the citations.  
8-10, Table 
1, 
Supplement   
Risk of bias 
within studies  
19 Present data on risk of bias of each study and, if available, any outcome 




individual studies  
20 For all outcomes considered (benefits or harms), present, for each study: 
(a) simple summary data for each intervention group (b) effect estimates 





21 Present results of each meta-analysis done, including confidence intervals 




Risk of bias 
across studies  






23 Give results of additional analyses, if done (e.g., sensitivity or subgroup 
analyses, meta-regression [see Item 16]).  
11, Figure 3, 
Supplement 
DISCUSSION   
Summary of 
evidence  
24 Summarize the main findings including the strength of evidence for each 
main outcome; consider their relevance to key groups (e.g., healthcare 
providers, users, and policy makers).  
14-16 
Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at 
review-level (e.g., incomplete retrieval of identified research, reporting bias).  
17, 
Supplement 
Conclusions  26 Provide a general interpretation of the results in the context of other 
evidence, and implications for future research.  
18 
FUNDING   
Funding  27 Describe sources of funding for the systematic review and other support 
(e.g., supply of data); role of funders for the systematic review.  
19 
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Table S1: Search Summary Completed June 2015 
Reviews 
Database Interface Coverage Date Hits 




Issue 5, 2015 17/06/2015 47 
Database of Abstracts of 
Reviews of Effects 
Cochrane Library, 
Wiley 
Issue 4, 2015 17/06/2015 29 




Process & Other Non-
Indexed Citations and Ovid 
MEDLINE(R) 
OvidSP 1946-present 17/06/2015 276 








Database Interface Coverage Date Hits 
AMED OvidSP 1985-June 
2015 
17/06/2015 54 
Cinahl EBSCOHost 1982-current 17/06/2015 490 
Cochrane Central Register 
of Controlled Trials 
Cochrane Library, 
Wiley 
Issue 5, 2015 17/06/2015 3154 




Process & Other Non-
Indexed Citations and Ovid 
MEDLINE(R) 
OvidSP 1946-present 17/06/2015 5568 
Science Citation Index 
Expanded (SCI-
EXPANDED), Social 
Sciences Citation Index 
(SSCI) & Conference 
Proceedings Citation Index- 
Science (CPCI-S)  
 
Web of Science 1945-present 17/06/2015 3084 
SportDiscus EBSCOHost  17/06/2015 137 




Final Total: 9097 
Limits: 
- Methodological filters applied to limit to SRs & RCTs 
- Papers excluded which mentioned older adults in title 
- Animal studies excluded   
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Table S2. Description of the interventions delivered in the studies included in 
meta-analysis 
Study N Intervention  Strategies & Delivery 
Intensity (Heart rate 
Max) and Frequency 











66 Aerobic exercise training program. Intensity 70 -80 % 
max heart rate determined from peak testing. 
Three 60 minutes sessions per weak plus 15minutes 
warm-up/cool-down  
• Supervised exercise 
• Walk-Jog programme with graduated 
increase in running 
• Moderate to 
vigorous (70-80%) 
• 3x60 mins 
16 weeks 72 4 
Stamler  
19897 
201 Multifactorial intervention biweekly counselling. 
Nutritional hygiene. Diaries and lifestyle advice.  
30 mins of exercise three times per week target heart 
rate 70% of max. 
• Self-directed exercise 
• Individualised delivery 
• Physician and nutritionist lead 
• Social and Family members for planning 
activity 








92 1. 16 week Aerobic Exercise intervention  
15 minutes warm-up 
35 minute walk-jog 70% heart rate from peak exercise 
test. Three times per week. 
2. 16 weeks strength and flexibility 
20 minutes flexibility 
30 minutes resistance circuit exercise 
• Supervised group exercises with exercise 
trainer 
• Moderate activity 
(70%) 
• 3 x 35 mins 






564 Lifestyle behavioural intervention targeting diet and 
exercise. 
14 weekly 90 minute group  sessions followed by month 
meeting for 18 months 
Graduated brisk walking targeting 45 minutes 4 – 5 
times per week. 40 – 55% heart rate reserve  
• Self-directed exercise 
• Behaviour change counselling facilitated 
by nutritionists, psychologists and 
exercise physiologists 
• Supervised group based sessions 
• Self-management plans with activity self-
monitoring and self-efficacy training to 
prevent relapse  
• Moderate walking 
(40-55%) 
• 5x45 mins 






1788 Lifestyle behavioural intervention targeting diet and 
exercise.  
1. Weight Loss and Exercise 
2. Weight Loss, Salt Restriction and 
Exercise 
14 weekly 90 minute groups  sessions followed by 
month meeting for 18 months] 
Graduated brisk walking targeting 45 minutes 4 – 5 
times per week. 40 – 55% heart rate reserve  
• Self-directed exercise 
• Behaviour change counselling facilitated 
by nutritionists, psychologists and 
exercise physiologists. 
• Weekly progress review and feedback 
• Self-management plans with activity self-
monitoring and self-efficacy training to 
prevent relapse. 
• 4 supervised exercise sessions discussing 
intensity zones of exercise. 
• Moderate walking 
(40-55%) 
• 5x 45 mins 
36 months 60 6 & 36 
Blumenthal 
200011 
133 1. Supervised  Aerobic Exercise 
Subjects exercised 3 to 4 times per week 70-85% Heart 
max from peak exercise test 
10 minute warm up 
35 minutes cycling or treadmill 
10 minutes cool down. 
2.  Supervised exercise  plus weight 
management 
As above plus 26 weekly  group sessions discussing 
weight management  
• Supervised exercise 
• Trained Exercise Physiologist 
• Participants instructed on how to monitor 
heart rates and intensity of exercise.  
• Moderate to 
Vigorous Intensity 
(70-85%) 
• 4 x 35 mins 
6 months 95 -120 6 
Tsai 
200212 
42 Supervised Aerobic Exercise 
Treadmill Walk-Jog programme 
10 minutes warm up , 30 minutes  exercise on treadmill, 
10 minutes cool down 
• Supervised exercise 
• Exercise intervention facilitated by trained 
exercise providers.  
• Moderate Intensity 
(60-70%)  
• 3 x 30 mins 
3 months  30 3 
Esposito 
200313 
120 Lifestyle behavioural intervention targeting diet and 
exercise. Objective of 10% weight loss.  
Month session for 12 months followed by bimonthly 
session for further 12 months 
• Self-directed exercise 
• Behaviour change counselling facilitated 
by nutritionists and exercise trainer 
 
• Moderate 
• Daily walking 
24 months 24 to 48 24 
Olson 
200614 
30 Supervised and self-directed exercise and resistance 
training  
2 sessions per week for 12 months. First 12 weeks 
supervised,  
• Supervised small group exercise 
• Self-monitoring with training logs 
• Feedback from exercise trainer twice 
monthly  
• Moderate to max 
intensity resistance 
exercise 
12 months 38 12 
Kinmonth 
200815 
365 Self-directed exercise with behavioural coaching,  
1. Telephone follow-up 
1 home visit followed by 6 x 15-45 minute calls in 5 
months followed by monthly letter.  
2. In person intensive follow-up 
4 x 1 hour visit, 2 x 15 minute calls in 5 months followed 
by monthly 30 minute calls  
• Self-directed, self-regulatory exercise  
• Behavioural counselling from trained 
facilitators 
• Goal setting, action planning, self-
monitoring, goal review, using prompts, 
family support, prevention plans 
• No defined intensity, 
• Individualised 
graduated increase 
in activity  




81 Multifactorial intervention. Diet and low sodium advice 
with supervised exercise advice.  
3-5 weekly sessions of supervised aerobic exercise 
plus weekly group exercise (basketball, volleyball, 
soccer). 
• Supervised exercise 
• Group based activity 
• 45 minute sessions  
• Moderate intensity 
(60-80)  
• 3 x 45 mins 




47 1. Aerobic Running  
3 x 60 minute training session per week, 75-85% peak 
heart rate 
2. Football 
10 minute warm up, 50 minutes 5 aside football, Heart 
rate above 65% 
• Supervised exercise 
• Coaching support 
• Moderate intensity 
(60 to 85%) 
• 3 x 60 mins 
3 months 36 3 
Edwards 
201118 
52 1. Aerobic Exercise 
Two supervised sessions per week and encouragement 
to exercise for 3 more sessions.  
Moderate intensity exercise for 30 to 60 minutes.  
Polar heart rate monitoring used to maintain 60-75% 
peak intensity 
2. Diet plus Aerobic Exercise 
Target 500-1000 kcal decline in energy intake. 
• Supervised exercise 
• Food diaries,  
• Weekly telephone call. 
• Moderate Intensity 
(60-75%) 
• 3 x 60 mins 
3 months 48 3 
Krustrup 
201219 
33 2 x 60 minutes sessions supervised per week 
Peer football. Exercise trainer, 5 minutes warm-up/cool 
down 
• Supervised exercise  
• Heart rate monitoring 75-85% max 
• Moderate to 
vigorous intensity 
(75-85%) 
• 2 x 60 mins 
6 months 48 6 
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Table S3. Catalogue of Excluded Studies with Explanation.  
      
AUTHOR 
AND YEAR 





























infarction and its 
effect on return to 
















et al. (1976).  
The results of 


































Patel, C. and 
W. R. North 
(1975)   
Randomized 










up.   Mean age 
59.5 range > 
39 years 
Age of Cohort H age 
Patel, C. and 
W. R. S. 
North (1975).  
Randomized 
controlled trial of 










up.   Mean age 
59.5 range > 
39 years 




ergometric load test 
in hypertensive 
patients during 













Follow up less 
than 3 months 
F<3 
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Choquette, 














Not and RCT - 
No control 
Group  




of yoga and bio-










Not RCT NCRT 
Peterson, C. 
M., et al. 




thickening and pulse 
volume concomitant 
with improved 
glucose control and 









Not RCT NRCT 


















Mean Age 40 
SD 3.4. The 
trained 
subjects were 
studied at 4, 8 






Taylor, H. L., 
et al. (1973).  
Exercise in 
controlled trials of 









three US trails. 
Age group 40 
to 59.  
Not RCT NRCT 
Marra, S., et 
al. (1985) 
Long-term follow-up 
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Gyntelberg, 
F., et al. 
(1981).  
Blood pressure 
reduction by change 
in life style. The 
CVD intervention 















































































et al. (1982). 
Hypertension: 









Review article Not RCT Protocol/Re
view 
Lithell, H., et 
al. (1984).  
The primary 
preventive study in 
Uppsala. Fatal and 
non-fatal myocardial 
infarction during a 
10-year follow-up of 














Not RCT NRCT 






























Mean age 48.5 
range 40-59. 
Not RCT NRCT 
Stransky, M., 











Not an RCT 
Not RCT NRCT 
Cambien, F., 




Trial. Effects of two 
years of intervention 



















and PA advice 
 PL 
Heath, G. W. 
and C. B. 
Broadhurst 
(1984). 
Effects of exercise 
training and dietary 
behavior 
modification on 
weight reduction and 





12 weeks of 
follow-up  
Peri menapausal 
- age > 40 
PL BP2 
Holtz, H., et 
al. (1983).  
Effectiveness of 
different intervention 
measures in children 
and adolescents 
with hypertension 









Mean age 14.2  Demographic of 
study population 
PP 
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Fortmann, S. 
P., et al. 
(1988) 
Effects of weight 














Age 45 sd (8). 
Attrition from the 
study was over 
25% with no 








during weight loss 


















results from the 
Rome Project of 
Coronary Heart 
Disease Prevention. 
Research Group of 














The Belgian project 
for the prevention of 
cardiovascular 















Age 40 -59  Age of Cohort H age 
Jennings, G., 
et al. (1986) 
 Effects of exercise 






Aust NZ J Med 
Suppl 16, 574  
4 weeks of 
exercise, 




than 3 months 
F<3 
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Jennings, G., 
et al. (1987) 
The place of 
exercise in the long-













mean age 44, 
range 25 to 62 
years.  
Follow-up less 
than 3 months 
F<3 
Jennings, G., 
et al. (1986) 
The effects of 
changes in physical 






glucose utilization in 
man: a controlled 













et al. (1987) 
Effects of exercise 
training and beta 

















et al. (1989) 
 Cardiac status after 
four years in a trial 
on nutritional 













Mean age 56 
NEI 
Ades, P. A., 
et al. (1988). 




















Study design NRCT 
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Blumenthal, 
J. A., et al. 
(1988). 
Exercise training in 
healthy type A 
middle-aged men: 















Study design NRCT 
Cleroux, J., 
et al. (1987). 
Effects of exercise 
training on plasma 
catecholamines and 











No control Study design NRCT 
Gilders, R. 
M., et al. 
(1989) 
Endurance training 
and blood pressure 












after training,  
Hypertensive 
group mean 
age 46 SD 2 
Study design NRCT 
Lasco, R. A., 
et al. (1989). 
Participation rates, 
weight loss, and 
blood pressure 
changes among 









less than 6 
months 
Study design NRCT 
Lovibond, S. 




factor status: the 








true control,  
Not RCT 
Study design NRCT 
Roskies, E., 
et al. (1986).  













A. men mean 
age 37, Not 
RCT 
Study design NRCT 
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Liao, Y., et 




participants in a trial 














D., et al. 
(1988). 
Coronary risk 
incidence of obese 
adolescents: 
reduction by 


































Change in lipids 
primary outcome. 
Mean Age 49, 
(range 35 to 59) 
H age 
Engblom, E., 
et al. (1992).  
Coronary heart 
disease risk factors 
before and after 
bypass surgery: 
results of a 






























































and C. M. 
Peterson 
(1991).  
Is exercise safe or 
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Page, R. C. 
L., et al. 
(1992).  











Age 39 SD 11. 
Attrition 
greater than 
20%   
Feasibility study. 
Mean Age 39 SD 
11.  Attrition 
greater than 20% 
D1, Attrition 
Eriksson, K. 
F. and F. 
Lindgarde 
(1991).  
Prevention of type 2 
(non-insulin-
dependent) diabetes 
mellitus by diet and 
physical exercise. 
The 6-year Malmo 





















Age 46.2 SD 
7, Drug 
Intervention 
Drug Intervention D2, Drug 
intervention 
Yeater, R. A., 
et al. (1990).  
Coronary risk factors 









Mean age 56 Mean age 56 D2, Age 
Marchman, 









completing phase II 
pulmonary 
rehabilitation. 











Kostis, J. B., 
et al. (1992).  
Superiority of 
nonpharmacologic 
therapy compared to 
propranolol and 
placebo in men with 
mild hypertension: a 
randomized, 





Mean age 56.5 
(8.1), inclusion 
age >30 
Age of Cohort H age 
Mascioli, S. 




baseline in the 












Age of Cohort H age 
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Nilsson, P. 
M., et al. 
(1992). 




subjects: a one-year 








Age over 50 




Age of Cohort D1 age 
Balogun, M. 














Follow up less 
than 3 months 
 F<3 
Katz, J. and 
B. R. Wilson 
(1992). 
The effects of a six-
week, low-intensity 
Nautilus circuit 
training program on 
resting blood 







Follow up only 
after 6 week 
intervention 
Follow up less 
than 3 months 
 F<3 

















age 49 sd 2 
Follow up less 
than 3 months 
F<3 
Lioznova, E. 




isometric exercise in 







Follow up less 
than 3 months 
 F<3 
Martin, J. E., 
et al. (1990).  
Controlled trial of 










Follow up less 
than 3 months 
 F<3 
Radaelli, A., 
et al. (1992). 
Effects of mild 
physical activity, 













than 1 month. 
Follow up less 
than 3 months 
 F<3 
ONLINE SUPPLEMENT   
Meredith, I. 
T., et al. 
(1990).  
Time-course of the 
antihypertensive and 
autonomic effects of 
regular endurance 

















Not RCT NRCT 
Somers, V. 
K., et al. 
(1991). 
Effects of endurance 
training on 
baroreflex sensitivity 






NOT RCT NOT RCT NRCT 
Stewart, K. 
J., et al. 
(1990).  
Effects of diltiazem 
or propranolol during 












NOT RCT NRCT 
Kingwell, B. 





component of the 
blood pressure-heart 






less than 6 
months 
Follow up less 














































mean age 44 





ONLINE SUPPLEMENT   
Kumanyika, 
S. K. and J. 
B. Charleston 
(1992).  
Lose weight and 
win: a church-based 
weight loss program 
for blood pressure 






NOT AN RCT Not an RCT NRCT 
Ades, P. A., 
et al. (1990).  
Cardiac and skeletal 
muscle adaptations 
to training in 
systemic 
hypertension and 
effect of beta 
blockade (metoprolol 







than 6 months. 
Not a true 
control.  
Not RCT NRCT 
Allen, D. H., 
et al. (1991).  
A controlled study of 
the effects of aerobic 
exercise on 
antihypertensive 
drug requirements of 
essential 
hypertensive 









Mean age 45.2 











Not RCT NRCT 
Baglivo, H. 
P., et al. 
(1990)  
Effect of moderate 
physical training on 
left ventricular mass 
in mild hypertensive 
persons.  
Hypertension 
15, I-153-i-156  
Not 
randomized 
Not RCT NRCT 
Barnard, R. 
J., et al. 
(1992).  
Role of diet and 













follow up less 







Not RCT NRCT 
Corry, J. M. 
(1990).  
MetLife's experience 













Not RCT NRCT 
ONLINE SUPPLEMENT   
Cutler, J. A. 
(1991).  
Randomized clinical 







Review paper Not RCT NRCT 
Duncan, J. 
J., et al. 
(1990).  
Effect of intrinsic 
sympathomimetic 
activity on the ability 
of hypertensive 
patients to derive a 
cardiorespiratory 







No control Not RCT NRCT 
Ginsberg, G. 

















drug use in the 
treatment of 
hypertension. A two-







N0T AN RCT Not RCT NRCT 
Jennings, G. 
L., et al. 
(1991). 
What is the dose-
response 
relationship between 
exercise training and 





Review paper Not RCT NRCT 
Johannesson
, M., et al. 
















Not RCT NRCT 
Johnson, C. 











NOT AN RCT Not RCT NRCT 
ONLINE SUPPLEMENT   
Kelemen, M. 





drug therapy. Effects 
on lipids, blood 
pressure, and left 












Not RCT NRCT 
Kiselkova, E., 
et al. (1991).  








na Meditsina i 
Morfologiia 
30(1): 10-14. 
Mean age of 







Not RCT NRCT 
Knutsen, S. 
F. and R. 
Knutsen 
(1991).  
The Tromso survey: 
The family 
intervention study - 
The effect of 
intervention on some 
coronary risk factors 
and dietary habits, a 

















M., et al. 
(1992). 
Effects of reducing 
diet and increased 












NOT RCT Not RCT NRCT 
Pecelj-Gec, 
M., et al. 
(1990). 
Effects of reducing 
diet and increased 












NOT RCT  Not RCT NRCT 
ONLINE SUPPLEMENT   
Singh, R. B., 
et al. (1992). 
The diet and 
moderate exercise 
trial (DAMET): 















Not RCT NRCT 
Singh, R. B., 
et al. (1992). 
 In patients with mild 
hypertension, does 
exercise and a 
gradual rather than 
abrupt increase in 
fatty acid and salt 













Not RCT NRCT 
Tibblin, G. 





























Not RCT NRCT 
Duncan, J. 
J., et al. 
(1991). 
Women walking for 
health and fitness. 













Suter, E., et 
al. (1990).  
Effects of self-
monitored jogging 
on physical fitness, 
blood pressure and 
serum lipids: a 
controlled study in 
sedentary middle-
aged men.[Erratum 
























ONLINE SUPPLEMENT   
Lehmann, R., 
et al. (1995). 
Loss of abdominal 
fat and improvement 
of the cardiovascular 
risk profile by regular 
moderate exercise 






age 54( range 
42-73)  




S., et al. 
(1995) 
Diet and exercise 
intervention have 
favourable effects on 
blood pressure in 
mild hypertensives: 






















controlled trial of 
health promotion in 
general practice for 





Mean age 62.7 
(7.1), 
participants 
older than 38 
Age of Cohort H age 
Elmer, P. J., 
et al. (1995).  
Lifestyle 
intervention: Results 











Age of Cohort 
H age 
Hellenius, M. 
L., et al. 
(1993) 
Diet and exercise 
are equally effective 
in reducing risk for 
cardiovascular 
disease. Results of a 
randomized 
controlled study in 







Mean age 46.2 
(5), exclusively 
recruiting 35 to 
60 age group 
Age of Cohort H age 
Kokkinos, P. 
F., et al. 
(1995).  
Effects of regular 
exercise on blood 













mean age  57 
(10), 
participants 
older than 35 
Drug intervention, 
Age of Cohort 
H age 
ONLINE SUPPLEMENT   
Liebson, P. 
R., et al. 
(1995).  
Comparison of five 
antihypertensive 
monotherapies and 
placebo for change 
in left ventricular 
mass in patients 
receiving nutritional-
hygienic therapy in 










Age of Cohort H age 
Coulter, A., 
et al. (1995). 
Effectiveness of 
health checks 
conducted by nurses 
in primary care: 
















H Age. NEI 
Cox, K. L., et 
al. (1993) 
The combinated 
effect of aerobic 
exercise and alcohol 
restriction on blood 
pressure and serum 
lipids: A two-way 








after 4 weeks 
Follow up less 
than 3 months 
F<3 
Reid, C. M., 
et al. (1994). 
Interactions between 
the effects of 
exercise and weight 










Query Age and 





12 week cross 
over study 
design, lacks true 
control, attrition 
greater than 20% 
Attrition and 
NRCT 
Fuchs, Z., et 





















Not a control trial NRCT 
ONLINE SUPPLEMENT   




Salt restriction and 














salt. Lacks true 
control 
Not RCT NRCT 
 Bourn, D. 




NIDDM: does a 
lifestyle intervention 





NO control  Not RCT NRCT 
Heirich, M. 





impact of different 













No intention to 
treat 
Not RCT NRCT 
Luepker, R. 






risk factor changes 









level and mass 
media 
intervention 
Not RCT NRCT 
Perez-Stable, 
E. J., et al. 
(1995).  
Comparison of a 
lifestyle modification 
program with 
propranolol use in 












Drug intervention Drug 
intervention 
Gomel, M., et 

























ONLINE SUPPLEMENT   
Hanlon, P., et 
al. (1995). 
Health checks and 
coronary risk: further 










on basis of 
cardiac risk. 
Mean age 






B., et al. 
(1995). 
An economic 
evaluation of four 

















(1993).  The Oslo Diet and 
Exercise Study 







Age 45 (2.5) 
Protocol Protocol 
Dunn, A. L., 
et al. (1997).  
Reduction in 
cardiovascular 
disease risk factors: 

















W., et al. 
(1996) 
Differential effects of 
exercise training 
intensity on blood 
pressure and 
cardiovascular 













Singh, R. B., 
et al. (1996). 
Effect of diet and 
moderate exercise 




and mortality in 
patients with and 
without coronary 
artery disease 





CAD is not 
separated from 
at risk groups 






ONLINE SUPPLEMENT   
Dyson, P. A., 





controlled trial of 
reinforced healthy-
living advice in 
subjects with 












age 50 (sd 9) 
Age of Cohort D1 age 
Wing, R. R., 
et al. (1998). 
Lifestyle intervention 
in overweight 
individuals with a 










criteria 40 to 




D1 age, BMI > 
35, Attrition 15% 
at 6 months, 22% 





B., et al. 
(1997). 
Effects of cross-


























Perry, T. L., 
et al. (1997) 
Lifestyle intervention 










Mean age 42 


















effects of aerobic 
exercise and dietary 
fish intake on serum 
lipids and glycemic 








up, Mean age 
52.3 ±8.3 
Age of Cohort D2, Age 
ONLINE SUPPLEMENT   
Honkola, A., 
et al. (1997) 
Resistance training 
improves the 
metabolic profile in 







age 62 (2) 















age 54 (sd 8) 
Age of Cohort D2, Age 
Cox, K. L., et 
al. (1996). 
.Determinants of 

















PL, H age, 
participants 











effects of exercise 
training and diet-













Mean age 50 
(sd 8), 21 to 65 
age criteria 
Age of Cohort H age 
Grimm, R. 





term lifestyle and 
drug treatment in the 








- age 45 and 
over 
Age of Cohort H age 













Mean age 58.5 
(8.1), 35 to 69 
age criteria 
Age of Cohort H age 
ONLINE SUPPLEMENT   
Kokkinos, P. 
F., et al. 
(1997).  




to exercise in 
African-Americans 
with severe systemic 
hypertension treated 
with indapamide + 






Mean age 58 
sd (11), age 
over 45 
Age of Cohort H age 
Kondwani, K. 





Americans: A trial of 
the transcendental 
meditation program 

















to 85 years old 
Age of Cohort H age 
Simkin-
Silverman, L. 
R., et al. 
(1998). 
Simkin-Silverman, L. 










Mean age 47 
(sd 1.6) 
Age of Cohort H age 
Taylor, A. H., 
et al. (1998). 
Randomized 
controlled trial to 
examine the effects 
of a GP exercise 
referral programme 
in Hailsham, East 
Sussex, on 
modifiable coronary 









Mean age 54.1 
(sd0.8). Age 
range 44 to 55 
Age of Cohort H age 
ONLINE SUPPLEMENT   
 Blair, S. N., 
et al. (1998).  
















Age range 35 
to 75 
Protocol H age 
Winterfeld, H. 




treated with running 
endurance training 








Lacks control NRCT 





relaxation training in 















Leon, A. S., 
et al. (1996).  
Effects of 2,000 kcal 
per week of walking 
and stair climbing on 
physical fitness and 
























G., et al. 
(1997).  
Efficacy and position 
of endurance 
training as a non 
drug therapy in the 








mean age 43.3 
(sd 3.1) 
Not RCT NRCT 
Kokkinos, P. 
F. and V. 
Papademetri
ou (1996) 
Can regular exercise 
benefit Afro-













Lacks a control 
Not RCT NRCT 
ONLINE SUPPLEMENT   
Lima, E. G., 
et al. (1998) 
Ambulatory blood 
pressure monitoring 











Not an RCT, 
mean 44 +/- 1 
years old 
Not RCT NRCT 
Narayan, K. 
M., et al. 
(1998)  
Randomized clinical 
trial of lifestyle 
interventions in Pima 



















Not RCT NRCT 
Naslund, G. 
K., et al. 
(1996).  





disease risk in 
smoking and non-








Not an RCT 
Not RCT NRCT 
Ponjee, G. 
A., et al. 
(1996).  
Regular physical 
activity and changes 
in risk factors for 
coronary heart 













Not RCT NRCT 
Kuller, L. H., 
et al. (2001).  
Women's Healthy 
Lifestyle Project: A 
randomized clinical 




Mean age 47 
(sd 2) 
Age - exclusively 
recruiting 44-50 





J., et al. 
(2001).  
Effects of a 
community-based 
intervention to 
increase activity in 
American Indian 
elders.  






Age 55-75 Age of Cohort H age 
ONLINE SUPPLEMENT   
Rosell, M., et 




in middle-aged men 
- a controlled, 















Allison, T. G., 
et al. (2000).  
Management of 
coronary risk factors 
by registered nurses 
versus usual care in 
patients with 
unstable angina 
pectoris (a chest 
pain evaluation in 
the emergency room 














G., et al. 
(1999).  
Effect of myocardial 
ischaemia on left 
ventricular function 
and adaptability to 



















year results on 
mortality, morbidity 














Bang, C., et 
al. (1999).  
Two-year results of 
a controlled study of 
residential 
rehabilitation for 





















ONLINE SUPPLEMENT   




intervention trial for 
high risk 
cardiovascular 

















Linxue, L., et 
al. (1999)  
Effect of long-term 
exercise training on 
regional myocardial 
















et al. (2001). 
Nurse led shared 
care for patients on 
the waiting list for 
coronary artery 













et al. (1999). 
Effects of intensified 
lifestyle modification 




















et al. (1999).  
Prevention of Type II 





(DPS) in Finland. 
Study design and 1-
year interim report 







age 55 (SD 7) 
Age of Cohort D1 age 
Uusitupa, M., 










Age range 40 
to 64 mean 
age 53.7 
Age of Cohort D1 age 
ONLINE SUPPLEMENT   
Ubels, F. L., 
et al. (1999). 












mean age 62 
sd 2 
Age of Cohort D2, Age 
Deligiannis, 
A., et al. 
(1999).  

















chronic disease.  
ECD 
Yeo, S., et al. 
(2000).  
Effect of exercise on 
blood pressure in 
pregnant women 












after 10 week 
intervention. 




than 3 months 
F < 3 
Murugesan, 
R., et al. 
(2000).  
Effect of selected 
yogic practices on 








Mean age not 
presented. 
Range 35 to 
65. Follow up 
less than 12 
weeks 
Follow-up less 
than 3 months 
F <3 
Cooper, A. 
R., et al. 
(2000).  
What is the 
magnitude of blood 
pressure response 














Mean age of 
controls 49.4 
(8.9), 6 week 
follow-up 
Age of Cohort F<3 H age 
Calfas, K. J., 
et al. (2001).  
Six-month patient 
outcomes in a 
preventive 








Mean Age 55 
(SD 14) 
Age of Cohort H age 
ONLINE SUPPLEMENT   
Ferrier, K. E., 
et al. (2001).  
Aerobic exercise 












Age of Cohort H age 
Hagberg 
















Age of Cohort H age 
Halbert, J. A., 
et al. (2000).  
Physical activity and 
cardiovascular risk 
factors: Effect of 
advice from an 









over 60yrs old 
Age of Cohort H age 
Higashi, Y., 








33(1 Pt 2): 
591-597. 
Mean age 53.6 
(10),  
Age of Cohort H age 
Lavrencic, A., 
et al. (2000).  
Physical training 
improves flow-
mediated dilation in 












Age of Cohort H age 
Moreira, W. 
D., et al. 
(1999). 













Less than 6 
months, mean 
age 52.2 ± 9.2 
Age of Cohort H age 
Reid, C. M., 




control of blood 
pressure: a pilot 
study in Australian 




Mean age 53  
(sd11), 54  (sd 
8), inclusion 
age 18 to 60 
Age of Cohort H age 
ONLINE SUPPLEMENT   
Sjostrom, M., 
et al. (1999).  
A four week 
residential program 
for primary health 
care patients to 
control obesity and 
related heart risk 
factors: effective 
application of 
principles of learning 









Age of Cohort H age 
Tanaka, H., 









arm mean age 
53 (2), age 
over 18 
Age of Cohort H age 
Toobert, D. 




outcomes from the 
women's lifestyle 









Age of Cohort H age 
Wylie-Rosett, 





optimizes staff time: 
the clinical and cost 
results of a 
controlled clinical 
trial conducted in a 
managed care 
setting. 











Age of Cohort H age 
Yanek, L. R., 
et al. (2001). 
 Project Joy: faith 
based 
cardiovascular 











Age of Cohort H age 
Steptoe, A., 
et al. (1999).  
Behavioural 
counselling in 
general practice for 
the promotion of 
healthy behaviour 
among adults at 



















ONLINE SUPPLEMENT   
Ard, J. D., et 
al. (2000). 
Culturally-sensitive 
weight loss program 
produces significant 
reduction in weight, 
blood pressure, and 
cholesterol in eight 
weeks 












Follow up less 
than 3 months 
H F<3 
Cooper, A. R. 
and F. Goff 
(2001).  
Does a single bout 
of brisk walking 
reduce ambulatory 









Follow up less 
than 3 months 
 F<3 NRCT 
Lewis, T. V., 




production from the 
forearm in 
hypercholesterolemi






Mean age  44 
(3), Less than 
12 week follow 
up 
Follow up less 
than 3 months 
F<3 NRCT 
age 
Nami, R., et 
al. (2000). 
 Aerobic exercise 










Not an RCT, 3 
months follow 
up, single arm 
before and 
after measures 
Not RCT NRCT 
Pasman, W. 
J., et al. 
(1999).  
Effect of exercise 









Not a true 
control with no 
intention to 
treat 
Not RCT NRCT 
Talvi, A. I., et 
al. (1999). 
A health promotion 
programme for oil 
refinery employees: 
changes of health 
promotion needs 







NOT an RCT Not RCT NRCT 






cholesterol levels in 
mild hypertensive 
African Americans: 
A pilot study of the 
transcendental 
meditation program 















James, W. P. 
and S. Group 
(2001).  
Achieving weight-
















et al. (2001).  
Effects of short- and 
long-acting calcium 









Drug trial and 






E., et al. 
(1999).  
Effects of lifestyle 
activity vs structured 
aerobic exercise in 
obese women: a 














Mean (SD) age of 
42.9 (8.3) years. 
Comparative 
effectiveness trial. 
Lacks true PA 
control. Both 
groups received 
PA intervention.  
NRCT 
Will, J. C., et 
al. (2001).  
Reducing risk for 
cardiovascular 
disease in uninsured 
women: combined 














Mean age 64. 




ONLINE SUPPLEMENT   






for women attending 















Mean age 58  
Not RCT NRCT 
Balkestein, 
E. J., et al. 
(1999).  
The effect of weight 
loss with or without 
exercise training on 
large artery 
compliance in 
healthy obese men.  
Journal of 
Hypertension 





diet only the 
other diet and 
exercise. 
Not RCT NRCT 
Bond, V., et 
al. (1999).  
Aerobic exercise 
attenuates blood 
pressure reactivity to 
cold pressor test in 
normotensive, young 
adult African-










Not RCT NRCT 
Harada, A., 
et al. (2001).  
Cost and 
effectiveness of 

















Not RCT NRCT 
Himeno, E., 
et al. (1999). 





in left ventricular 









Not RCT NRCT 
Iwane, M., et 
al. (2000).  
Walking 10,000 















Mean Age 47 
+ 1.0 SEM 
Standard 
Deviation 8.2 
Not RCT NRCT 
ONLINE SUPPLEMENT   
Mughal, M. 
A., et al. 
(2001).  
The effects of 
aerobic exercise 
training on resting 










Not an RCT Not RCT NRCT 
Muto, T. and 
K. Yamauchi 
(2001). 
























age of control 
and 
intervention 




were not free 
to withdraw 
and had to 
comply with 
follow-up 
under contract.  
Not RCT NRCT 
Nothwehr, F. 
K., et al. 
(2001).  
Sequencing diet and 
exercise programs 







Mean age 49 Not RCT NRCT 
Ritter, C. and 
D. Aldridge 
(2001). 
 Qigong Yangsheng 
as a therapeutic 




comparison with a 
western muscle 






























Protocol  Protocol Protocol 
ONLINE SUPPLEMENT   
Ishikawa et al 
(1999) 
Influence of Age and 













up 8 weeks 
Not RCT NRCT 
Dunn, A. L., 













Cohort. Age 35 








PL BP secondary. 
H excluded. 22% 
missing BP data. 
PL 
Hartard, M., 
et al. (2001). 
 Health training as a 
form of primordial 
disease prevention 














 Follow-up less 




A., et al. 
(2000). 
Effects of exercise 

















et al (1999) 
The importance of 
self efficacy in c 
ardiovascular risk 












R., et al. 
(2001). 
Effects of exercise 
and weight loss on 
blood pressure 















J., et al. 
(2001). 
Long-term weight 
loss and changes in 
blood pressure: 
results of the Trials 
of Hypertension 











ONLINE SUPPLEMENT   
Jakicic, J.M., 
et al (2003) 
Effect of Exercise 
Duration and 
Intensity on Weight 




2003 Vol 290. 
No 10.  
Study powered 
for change in 
weight. 
Attrition 8%. 
Mean Age 37 







No control NRCT 
Murchie, P., 
et al. (2003).  
Secondary 
prevention clinics for 
coronary heart 
disease: four year 
follow up of a 
randomized 


















Influence on lifestyle 
measures and five-























et al. (2004). 
Is a long-term 
aerobic plus 
resistance training 
program feasible for 
and effective on 
metabolic profiles in 





Mean age 60.9 
(8.9) 
Age of Cohort D2 age 





disease in patients 






Mean age 55.1 
no range 
provided 
Age of Cohort D2 age 
Kirk, A., et al. 
(2003). 
Increasing physical 
activity in people 




Mean age of 
57.6 (7.9) 
Age of Cohort D2 age 
ONLINE SUPPLEMENT   
Kirk, A., et al. 
(2004) 





and on the status of 
cardiovascular risk 
factors in people 




Mean age of 
57.6±7.9 years 
Age of Cohort D2 age 
Krook, A., et 
al. (2003). 














was 54 ± 0.6 
years 
Age of Cohort D2 age 
Egede, L. E. 
(2003). 
Lifestyle modification 
to improve blood 
















Not RCT, Age of 
Cohort 
D2 age 
Chiriac, S., et 
al. (2003). 
The effects of the 
















Age of Cohort H age 
 Appel, L. J., 




on blood pressure 
control: main results 




Mean age 50, 
SD of 8.9, age 
> 25 years 
Age of Cohort H age 
 Ard, J. D., et 
al. (2004).  







Mean age 50, 
SD of 8.9 age 
> 25 
Age of Cohort Secondary 
analysis 
ONLINE SUPPLEMENT   
Igarashi, K., 





of a randomized 
controlled trial to test 
the efficacy of 
exercise at a fitness 







Mean age 67.3 
(6.6), age 
criteria 40 to 
85 
Age of Cohort H age 
McGuire, H. 




and blood pressure 
control: a review of 





Mean age 50. 
paper with age 
sub-group 
analysis 
picked up in 
2005-06, age 
> 25 years 
Age of Cohort Secondary 
analysis 
Miller, E. R., 
3rd, et al. 
(2002) 












Mean age 54 
(9), 9 week 
follow-up, age 
22 to 70 
Age of Cohort H age 
Rauramaa, 
R., et al. 
(2004) 
Effects of aerobic 
physical exercise on 
inflammation and 
atherosclerosis in 
men: the DNASCO 








Mean age 57.1 
(56.4–57.8) 
Age of Cohort H age 
Woollard, J., 
et al. (2003) 






drug prescription in 









Mean age 60.3 
(59.6, 63.0), 
61 (59, 63), 
59.5 (57.5, 
61.5) 
Age of Cohort H age 
ONLINE SUPPLEMENT   
Ishikawa-
Takata, K., et 
al. (2003) 
How much exercise 
is required to reduce 











up mean age > 
40 (49.6 ± 7.4 
48.6 ± 7.7 50.3 
± 6.7 52.1 ± 
6.9 51.0 ± 7.4) 
Follow-up less 
than 3 months, 
Age of Cohort 
H age 
 Tsai, J.-C., 
et al. (2002) 
Beneficial effect on 
blood pressure and 
lipid profile by 
programmed 















Age of Cohort H age 
Wang, L. and 
J. Li (2003) 
Role of educational 








(years) 62.7 sd 
7.9  and 63.2 
sd 10.7 
Age of Cohort H Age 
Svetkey, L. 
P., et al. 
(2003) 




for blood pressure 
control: rationale, 








Age of Cohort H age 
Frolova, E. 
V., et al. 
(2004) 











S. C., et al. 
(2003) 
Weight loss in obese 
Mexican Americans 
treated for 1-year 








Journal of the 
International 
Association for 










at 6 months 
and 39% at 12 
months 
Drug trial NEI 
ONLINE SUPPLEMENT   
An, P., et al. 
(2003). 
Evidence of major 
genes for exercise 
heart rate and blood 
pressure at baseline 
and in response to 













Not RCT NRCT 















Not RCT NRCT 
 Izdebska, E., 
et al. (2004) 
Effects of moderate 













Study Not RCT 
Not RCT NRCT 
Lalonde, L., 
et al. (2002) 
Comparing the 
benefits of diet and 



















Lacks a control 
Not RCT NRCT 
Miyatake, N., 




obese men by 
ventilatory threshold. 









Not RCT NRCT 
Rice, T., et 
al. (2002). 
Heritability of HR 
and BP response to 










Not RCT NRCT 
ONLINE SUPPLEMENT   
 Watkins, D., 
et al. (2004) 
Trends in blood 
pressure over 10 
years in 
adolescents: 
analyses of cross 
sectional surveys in 








Not RCT NRCT 
. Burke, V., et 
al. (2003) 
Physical activity and 
nutrition programs 




























Mean age 49.9 
(0.31) 











Mattila, R., et 
al. (2004) 
Effects of lifestyle 
intervention on neck, 



















A., et al. 
(2002).  
Reduction of left 
ventricular 
hypertrophy after 
exercise and weight 
loss in overweight 




















Havlik, R. J., 
et al. (2005).  
Walking may be 
related to less 


















ONLINE SUPPLEMENT   
Allen, P., et 
al. (2006) 
 Dietary, physical 
activity and 
metabolic changes 













Boston,MA   
Mean age 57 
(12) 
Mean age 57 (12) D1 age 
Sturt, J., et 
al. (2006). 
The Diabetes 
Manual trial protocol 
- a cluster 
randomized 
controlled trial of a 
self-management 




Practice 7: 45. 
Protocol Protocol D2, 
Protocol 
Dasgupta, K., 
et al. (2006). 
Impact of modified 
glucose target and 
exercise 
interventions on 






Mean age 54 ( 
IQR 47, 58) 
Age of Cohort D2 Age 
Bjorgaas, M., 




aerobic capacity and 
self-reported activity 
and fitness in 







age = 57.4 
(7.8) years 
Age of Cohort D2 Age 
Kim, S. H., et 
al. (2006)  





thickness in patients 










Mean age 55.0 
(8.1) 
Age of Cohort D2 age 
 Lazarevic, 
G., et al. 
(2006). 
A physical activity 
programme and its 
effects on insulin 
resistance and 
oxidative defense in 
obese male patients 








Age of Cohort D2 Age 
ONLINE SUPPLEMENT   
Menard, J., 
et al. (2005).  
Efficacy of intensive 
multitherapy for 
patients with type 2 










Mean age 53.7 
(7.5) 
Age of Cohort D2 age 
Burke, V., et 
al. (2005) 
Effects of a lifestyle 
programme on 
ambulatory blood 
pressure and drug 











criteria 40 to 
70 
Age of Cohort H Age 
Clark, A. M. 
(2006) 
Randomized 










Mean age 52.2 
(8.6), age 
criteria 18 to 
65 
Age of Cohort H Age 
Elmer, P. J., 




on diet, weight, 
physical fitness, and 
blood pressure 
control: 18-month 








Trial Mean age 
50 
Age of Cohort H Age 
Eriksson, K. 
M., et al. 
(2006).  
A randomized trial of 
lifestyle intervention 
in primary 














Mean age 55.3 
(6.9), criteria 
18 to 65 
Age of Cohort H Age 
ONLINE SUPPLEMENT   
Stewart, A., 
et al. (2005) 
Adherence to 
cardiovascular risk 





















Age of Cohort H Age 
Tully, M. A., 















Age of Cohort H Age 
McCaffrey, 
R., et al. 
(2005). 
The effects of yoga 
on hypertensive 







8 week follow 
up, mean age 
56.7 
Age of Cohort, 
Follow-up less 
than 3 months 
H Age 
Aldana, S. 
G., et al. 
(2006). 
The behavioral and 








Mean age 50 
sd not 
provided, age 
criteria > 18 
Age of Cohort H Age  
Moore, G. E. 
and M. J. 
LaMonte 
(2006).  
Can exercise lower 









Editorial Not RCT NRCT 
Nowson, C. 
A., et al. 
(2005) 
Blood pressure 
change with weight 
loss is affected by 











Not RCT NRCT 
van Weel, C., 
















population - 18 
year follow-up 
of a primary 
care 
prevention trial 
Not RCT NRCT 
ONLINE SUPPLEMENT   
Egan, B. M., 
et al. (2005).  
Metabolic syndrome 
and insulin 
resistance in the 
TROPHY sub-study: 
























Smith, G. D., 
et al. (2005) 
Incidence of type 2 










Mean age 46 












M., et al. 
(2005). 
Impact of a 
community-based 
multiple risk factor 
intervention on 
cardiovascular risk 
in black families with 










study. Lacks true 
control 
NRCT 
 Lakka, T. A., 
et al. (2005). 
Effect of exercise 
training on plasma 
levels of C-reactive 















and no control 
NRCT 
Izdebska, E., 















Not RCT NRCT 
Masuo, K., et 
al. (2005). 
Rebound weight 
gain as associated 
with high plasma 
norepinephrine 











after study. No 
control 
Not RCT NRCT 
ONLINE SUPPLEMENT   
Moriguchi, J., 
















Not RCT NRCT 
Paschal, A. 
M., et al. 
(2006). 
Evaluating the 
impact of a 
hypertension 
program for African 
Americans. 








Not RCT OUT 
Not RCT NRCT 
Kim, Y. H. 
and Y. O. 
Yang (2005) 
Effects of walking 
exercise on 
metabolic syndrome 
risk factors and body 
composition in 













J., et al. 
(2005). 
The effect of 
metformin and 
intensive lifestyle 


















P., et al. 
(2005). 
Effect of lifestyle 
modifications on 















Choi, K. M., 
et al. (2007). 
. 
Effect of exercise 
training on plasma 

















not to report 






Mean age of 
study subjects 
was 47.1  SD 6.4 
H Age 
ONLINE SUPPLEMENT   
Muller-
Ehmsen, J., 
et al. (2008). 
Decreased number 
of circulating 
progenitor cells in 
obesity: Beneficial 









16 to 76 years 






















Mean age 64.3 
(7.1) 
Age of Cohort H Age 
Baynard, T., 
et al. (2008). 
Short-term training 
effects on diastolic 
function in obese 
persons with the 
metabolic syndrome 
 Obesity 16(6): 
1277-1283. 
Follow up after 
10 days Mean 
age 52 (1) 
Age of Cohort, 
Follow-up less 
than 3 months 
F<3 
Bruckert, E., 
et al. (2008) 














criteria > 18 
Age of Cohort H Age 
Coghill, N. 
and A. R. 
Cooper 
(2008). 
The effect of a 
home-based walking 
program on risk 
factors for coronary 
heart disease in 
hypercholesterolaem








Age (55.1 (4.9) 
years),  age 
criteria 45 to 
65 years 
Age of Cohort H Age 
Hardcastle, 
S., et al. 
(2008).  
A randomized 
controlled trial on the 
effectiveness of a 
primary health care 
based counselling 
intervention on 
physical activity, diet 








age criteria 18 
to 65 
Age of Cohort H Age 
ONLINE SUPPLEMENT   
Tully, M. A., 
et al. (2007). 
Randomized 
controlled trial of 
home-based walking 
programmes at and 
below current 
recommended levels 













recruited 40 to 60 
age group.  
H Age 
Brun, J. F., et 
al. (2008). 
One year endurance 
training at the level 
of the ventilatory 
threshold in type-2 
diabetics reduces by 












BP not reported. 
Over 20% attrition 
and no intention 
to treat.  
Attrition 
Makrides, L., 
et al. (2008).  
Evaluation of a 
workplace health 
program to reduce 












K., et al. 
(2008). 
Increasing overall 
physical activity and 




cohort analysis of 












many had BP 
measured etc. 
Mean age 40.2 
(5.8),  40.8 
(6.1) (mean 




to treat.  






sure how many 
had BP measured 
etc. Mean age 
40.2 (5.8),  40.8 
(6.1) (mean 40.6 
sd 6). Attrition 
and missing dats 
12%. Intention to 
treat. Included in 








effects of exercise 
training in patients 
with ischemic 
cardiomyopathy 




















ONLINE SUPPLEMENT   
Figueroa, A., 
et al. (2008) 
Resistance exercise 
training improves 
heart rate variability 


















Jiang, X., et 
al. (2007) 



















































et al. (2008). 
A pilot randomized 
controlled trial to 
evaluate the benefit 
of the cardiac 
rehabilitation 
















et al. (2008)  
Effects of aerobic 
exercise training and 
irbesartan on blood 
pressure and heart 
rate variability in 
















ONLINE SUPPLEMENT   
Mefferd, K., 




promote weight loss 
improves body 
composition and 
















Plüss, C. E., 
et al. (2008)  




patients treated for 
an acute myocardial 
infarction or a 
coronary artery by-










































in long-term heart 
transplant recipients: 
a pilot study. 













Sol, B. G. M., 
et al. (2008). 
The role of self-


















Yates, B. C., 
et al. (2007). 
Comparing two 
methods of 
rehabilitation for risk 
factor modification 

















ONLINE SUPPLEMENT   
Zutz, A., et 
al. (2007).  
Utilization of the 
internet to deliver 
cardiac rehabilitation 















Naser, A., et 
al. (2008).  
Cardiac risk factor 




program in CHD 
patients: Results 
from a two year 
follow up. 














et al. (2007 
High, but not 
moderate frequency 













































Soja, A. M. 
B., et al. 
(2007). 
Use of intensified 
comprehensive 
cardiac rehabilitation 
to improve risk factor 
control in patients 
with type 2 diabetes 
mellitus or impaired 
glucose tolerance--
the randomized 
DANish StUdy of 
impaired glucose 
metabolism in the 


















ONLINE SUPPLEMENT   
Roumen, C., 
et al. (2008).  









 Mean age 
54.2 ± 5.8 





for the management 














Full data not 
presented. 




Sigal, R.J., et al 
(2007) .Effects of 
aerobic training, 
resistance 
training, or both 
on glycaemic 
control in type 2 
diabetes: a 
randomized trial. 




Allen, N. A., 






individuals with type 








Less than 6 
months and 
mean age 57 
(12) 
Age of Cohort D2 age 
Balducci, S., 
et al. (2008).  
The Italian Diabetes 
and Exercise Study 
(IDES): design and 
methods for a 
prospective Italian 
multicentre trial of 
intensive lifestyle 
intervention in 
people with type 2 








 Mean age 
58.8 years (SD 
8.5) 
Age of Cohort D2 age 
Bjorgaas, M. 
R., et al. 
(2008). 
Regular use of 
pedometer does not 
enhance beneficial 
outcomes in a 
physical activity 
intervention study in 







Mean age 56.4 





ONLINE SUPPLEMENT   
Cohen, N. D., 
et al. (2008) 
Improved endothelial 
function following a 
14-month resistance 
exercise training 
program in adults 










60.6 ± 6.9, 
60.4 (8.5) 
Age of Cohort D2 age 
Gordon, L., 
et al. (2008).  
Changes in clinical 
and metabolic 
parameters after 
exercise therapy in 






Age range 40 -
70 mean age 
63.9 
Age of Cohort D2 Age 
Guo, L. X., et 
al. (2008) 




thickness in patients 
with newly 








Age of Cohort D2 Age 
Kadoglou, N. 




of exercise training 
in patients with type 










Age of Cohort D2 age 
Krousel-
Wood, M. A., 
et al. (2008). 
Does home-based 
exercise improve 
body mass index in 







 Mean age 
56.6 ± 9.6 
years. 
Age of Cohort D2 age 
Lam, P., et 
al. (2008) 
Improving glycaemic 
and BP control in 
type 2 diabetes - 







Mean age 63.2 
(8.6) 
Age of Cohort D2 age 
Lazarevic, 
G., et al. 
(2008).  
Effects of regular 
exercise on 
cardiovascular risk 
factors profile and 
oxidative stress in 
obese type 2 
diabetic patients in 






aged 48.8 +/- 
6.0 years 
Age of Cohort D2 Age 
ONLINE SUPPLEMENT   
McBride, P. 
E., et al. 
(2008).  
Putting the Diabetes 
Prevention Program 
into practice: a 










Health & Aging 
12(10): 745S-
749S. 
mean age 51.3 
(8.9) 
Age of Cohort D2 Age 
Menard, J., 
et al. (2007).  
Quality of life in type 







54.8, SD 8.1 
OUT 
Age of Cohort D2 age 
Meulepas, M. 




addition to centrally 
organised checkups 
improves diabetic 







Mean age 69 
(11.3) 
Age of Cohort D2 age 
Sigal, R.J., et 
al (2007) 
Effects of aerobic 
training, resistance 
training, or both on 
glycaemic control in 







Mean age 53.5 
(7.3) 
Age of Cohort D2 age 
Figueroa, A., 





modulation in obese 
women with and 











to 35 minutes 
post exercise 
Follow-up less 




D., et al. 
(2008).  
Determinants of 
changes in blood 
glucose response to 
short-term exercise 
training in patients 















than 3 months 
D2 Age, 
F<3 
ONLINE SUPPLEMENT   
Hjelstuen, A., 
et al. (2007). 
Effect of lifestyle 
and/or statin 








Mean age 54.3 
(8.8) 
Age of Cohort Drug Age 
Cohen, B. E., 
et al. (2008).  
Restorative yoga in 
adults with metabolic 
syndrome: a 
randomized, 











the baseline to 





than 3 months 
F<3 
Collier, S. R., 
et al. (2008).  
Effect of 4 weeks of 
aerobic or resistance 
exercise training on 
arterial stiffness, 
blood flow and blood 









end of training 
4 weeks , 
mean age 49.8 
(1.6) 
Follow-up less 
than 3 months 
F<3 
Petrofsky, J. 
S., et al. 
(2008).  
The effect of a diet 
and exercise 
program with a mini 
medicine ball on 
cardiovascular 








3day, 10 day 
and 2 week 
follow-up 
Follow-up less 
than 3 months 
F<3 
Wu, T. Y., et 
al. (2007).  




disease risk factors 
in middle-aged 






8 week follow 
up  
Follow-up less 
than 3 months 
F<3 
Staffileno, B. 



















than 12 weeks 
Follow-up less 
than 3 months 
F<3  
ONLINE SUPPLEMENT   
Cornelli, U., 
et al. (2008) 
Use of 
polyglucosamine 
and physical activity 













than 3 months 
F<3, NEI 
Bosworth, H. 





(HINTS): Testing a 
multifactorial tailored 
behavioral/education









Mean  age 64 
(10), no age 
criteria 
Age of Cohort H Age 
Bosworth, H. 
B., et al. 
(2008). 
Take Control of Your 
Blood pressure 
















Age of Cohort H Age 
Burke, V., et 
al. (2008).  
Long-term follow-up 
of participants in a 
health promotion 










Mean age 55.3 
(7.5)  57.1 
(7.2),  
participants 40 
to 70 years.  
Age of Cohort H Age 
Burke, V., et 
al. (2008).  
Changes in cognitive 
measures 
associated with a 
















57.1 (7.2),  
participants 40 
to 70 years. 
Age of Cohort Secondary 
analysis 
ONLINE SUPPLEMENT   
Fontana, L., 
et al. (2007). 
Calorie restriction or 
exercise: effects on 
coronary heart 










Mean age 57 
(3.0), 
participants 50 
to 60 years old 
Age of Cohort H Age 
Lien, L. F., et 
al. (2007). 
Effects of PREMIER 
lifestyle 
modifications on 










Age of Cohort H Age 
Oh, E. G., et 
al. (2008).  
A randomized 
controlled trial of 
therapeutic lifestyle 
modification in rural 
women with 
metabolic syndrome: 












Age of Cohort H Age 
Payne, W. 
R., et al. 
(2008).  








on type 2 diabetes 





Mean age 52.6  
sd (8.6), age > 
35 
Age of Cohort H Age 
Pugliese, R., 
et al. (2007).  















Mean age 53 
(8), age criteria 
35 to 63 
Age of Cohort H Age 
Puglisi, M. J., 
et al. (2008).  
Raisins and 
additional walking 
have distinct effects 











Age of Cohort H Age 
ONLINE SUPPLEMENT   
Wister, A., et 
al. (2007). 
One-year follow-up 











Mean age 58 
(5.5), age 45 
to 65 
Age of Cohort H Age 
Xue, F., et al. 
(2008). 
A randomized trial of 





delivered in a 






Mean age 57.5 
(6.96), 18 to 
69 
Age of Cohort H Age 
Obarzanek, 
E., et al. 
(2007). 













Age 50 (9) 







H., et al. 
(2007) 











Mean age 67.8 
(4.7), age > 60 
years 
Age of Cohort H Age 
Westhoff, T. 
H., et al. 
(2008) 
The cardiovascular 
effects of upper-limb 










Mean age 66.1 
(sd 4), no 
lower age 
restriction 
Age of Cohort H Age 
Sohn, A. J., 
et al. (2007). 
Impact of exercise 
(walking) on blood 
pressure levels in 
African American 









Mean age of 
intervention 
46.9 (5.2) BMI 
32 n=8, control 
age 42 (6). 




BMI > 35 in 
control and 
Age greater 
than 40 for 
intervention. 









ONLINE SUPPLEMENT   
Hill, A. M., et 




















Mean age of 










effects of a lifestyle-
metformin 













Drug intervention NEI 
Davison, K., 
et al. (2008).  




factors in overweight 









Not RCT NEI 
Okura, T., et 
al. (2007) 















control; diet vs 
exercise. 
Mean age 49.5 
± 10.3 
Lacks true 
control; diet vs 
exercise. Mean 
age 49.5 ± 10.3 
NRCT 
Richter, H., 
et al. (2008) 
Effects of a 
telephone 
intervention in 







Not an RCT. 
Matched 
control.  




L., et al. 
(2008) 
Reducing diabetes 


















end of trial. 
mean age 29.6 






end of trial. mean 
age 29.6 (6.6) 
and 28.9 (6.7)  
NRCT 
ONLINE SUPPLEMENT   
Woo, J., et 
al. (2007). 




in obese subjects 
after cessation of 
treatment with 
Orlistat.. Journal of 



















control. Does not 
disclose mean 
age of population. 
Diabetic 
population treated 



































12 week follow 
up. Mean age  
46.2 +− 2.9, 
44.4 +− 2.1, 
46.9 +− 2.2 
OUT 




L., et al. 
(2008).  
The effect of a 
hypocaloric diet with 
and without exercise 





in overweight and 











Attrition by 6 
months 50% 











et al. (2007) 
Lifestyle modification 
helps to reduce the 







Cor et Vasa 
49(3): 88-91. 
Follow-up 1 
week. Not an 
RCT 
Follow-up less 
than 3 months 
NRCT 
ONLINE SUPPLEMENT   
de Luis, D. 
A., et al. 
(2007).  
Influence of the 
Trp64Arg 

















OUT - not 
randomized 
and less than 
6 months  
Not RCT NRCT 
Gemson, D. 
H., et al. 
(2008) 
Promoting weight 
loss and blood 
pressure control at 





















control site.  
Not RCT NRCT 
Gokal, R., et 
al. (2007) 
Positive impact of 




cholesterol: A pilot 
assessment. 








Mean age 58 
Not RCT NRCT 
Hamilton, K. 
M. (2007) 
The effects of 
cooperative learning 
and self-efficacy on 
woman's diet and 












Not RCT OUT Not RCT NRCT 
Harden, K. 
A., et al. 
(2007). 
Effects of lifestyle 
intervention and 
metformin on weight 
management and 
markers of metabolic 
syndrome in obese 
adolescents. 













Not RCT NRCT 
ONLINE SUPPLEMENT   
Meckling, K. 
A. and R. 
Sherfey 
(2007) 
A randomized trial of 
a hypocaloric high-
protein diet, with and 
without exercise, on 
weight loss, fitness, 
and markers of the 
Metabolic Syndrome 










with or without 
exercise. No 
usual care or 
true control 
group. 
Not RCT NRCT 
Merrill, R. M. 






loss to follow-up in 











Not RCT NRCT 
Niranjan, M., 
et al. (2008) 
Effect of supervised 
integrated exercise 
on deep breathing-
heart rate variability 










Not RCT NRCT 
PausJenssen


















Not RCT NRCT 
Ren, J., et al. 
(2007) 
Nutritional 








Mean age 48, 
nutritional 
intervention 













ger, W., et al. 
(2008) 
Vacation as chance 
for changes in 








Not RCT OUT Not RCT NRCT 
ONLINE SUPPLEMENT   
Hewitt, J. A., 
et al. (2008) 




disease risk factors 
















Arao, T., et 
al. (2007). 
Impact of lifestyle 
intervention on 
physical activity and 











Park, T. G., 





without change in 











L., et al. 
(2008). 
A cluster 




diabetes and reduce 




protocol [NTR 1369]. 
Implementatio
n Science 3: 
42. 
Protocol Protocol Protocol 




protocol - A 
randomized clinical 














Protocol Protocol Protocol 
ONLINE SUPPLEMENT   
Price, H. C., 
et al. (2008). 
The impact of 
individualised 
cardiovascular 
disease (CVD) risk 
estimates and 
lifestyle advice on 
physical activity in 
individuals at high 
risk of CVD: a pilot 2 






Protocol  Protocol Protocol 
Rose, S. B., 




controlled trial of 
physical activity 
counselling in 
primary health care: 
rationale and study 
design. 
BMC Public 
Health 7: 166. 
Protocol - age 





Carroll, S., et 
al. (2007). 
Short-term effects of 
a non-dieting 
lifestyle intervention 





being in obese 
premenopausal 













aim of study 












et al. (2008) 
Sex differences in 
diabetes risk and the 
effect of intensive 
lifestyle modification 












Out  Secondary 







control. Mean age 
of cohort 50.6 
(SD 10.7). Blood 
pressure was not 
reported in the 
primary paper.  
Secondary 
analysis 
ONLINE SUPPLEMENT   
Smith, P. J., 
et al. (2007) 
Effects of exercise 
and weight loss on 
depressive 
symptoms among 

















combined with blood 
pressure lowering 
medication a better 
strategy for the 
intervention 
targeting CVD risk 
reduction in Chinese 
pre-diabetes 
population? Lesson 























(4 SUPPL. 1): 
A118-A119. 
Mean age 44.7 
(0.4), Drug trial 
plus exercise 
Drug trial plus 
exercise 
Drug trial 
Bronas, U. G. 
(2009). 
Exercise training 
and reduction of 
cardiovascular 
disease risk factors 















Casey, A., et 
al. (2009) 




























ONLINE SUPPLEMENT   
Vona, M., et 
al. (2009).  






and to reduce 
cardiovascular 
events in patients 





























strength training as 

















50.2 ± 9.5 yr 
Age of Cohort D1 Age 
Tuomilehto, 




and incidence of 








Mean age 52.5  
(7.4) 54.1  
(7.0) 56.0  
(7.2) 57.2  
(6.7) 
Age of Cohort D1 Age 
Tuomilehto, 
J., et al. 
(2009).  




in persons with 
impaired glucose 
















Mean age 52.5  
(7.4) 54.1  
(7.0) 56.0  
(7.2) 57.2  
(6.7) 
Age of Cohort D1 Age 
ONLINE SUPPLEMENT   
Yamashiro, 
T., et al. 
(2009) 


















Mean age 61.6 
± 0.8, 61.9 
(0.8), 60.9 
(1.1) 
Age of Cohort D1 Age 
Yates, T., et 
al. (2009)  
Effectiveness of a 
pragmatic education 
program designed to 
promote walking 
activity in individuals 
with impaired 








Mean 65 (sd 8) Age of Cohort D1 Age 
Karunapema, 
P. and C. 
Wijerathna 
(2009). 

















































Age of Cohort D2 age 
Johnson, S. 




health following a 
progressive walking 
and dietary 










+ s.d.: age = 
56.5 + 7.2 
years 
Age of Cohort D2 age 
ONLINE SUPPLEMENT   
Kirk, A., et al. 
(2009). 
A randomized trial 
investigating the 12-
month changes in 
physical activity and 
health outcomes 
following a physical 
activity consultation 
delivered by a 
person or in written 







age 60.9 ± 9.6, 
63.2 (10.6) 
59.2 (10.4) 
Age of Cohort D2 age 
Kirk, A. F., et 
al. (2009). 
Twelve month 
changes in physical 
a outcomes 
following a written or 
person delivered 
physical activity 



















age 60.9 ± 9.6, 
63.2 (10.6) 
59.2 (10.4) 
Age of Cohort D2 age 
Murrock, C. 
J., et al. 
(2009). 
Dance and peer 
support to improve 
diabetes outcomes 










Age of Cohort D2 Age 
Price, H. C., 
et al. (2009). 
 








Meeting of the 
European 
Association for 







(IQR) age 62.3 
(54.9, 66.1) 
year 
Age of Cohort D2 Age 
Ralston, J. 
D., et al. 
(2009) 
Web-based 
collaborative care for 











Age of Cohort D2 Age 
ONLINE SUPPLEMENT   
Sigal, R. 
(2009). 
Effects of aerobic 
training, resistance 
training, or both on 
glycemic control in 


















age of groups 
53.5 (7.3) 53.9 
(6.6) 54.7 (7.5) 
54.8 (7.2) 
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follow up <  3 
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B. H., et al. 
(2012) 
Effects of diet and 
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cardiometabolic risk 
factors in severely 
obese adults: a 
randomized trial.  
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A., et al. 
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Mean age 55 
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Age of Cohort D1 Age 
ONLINE SUPPLEMENT   
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M., et al. 
(2012). 
The Live Well, Be 
Well study: a 
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translational lifestyle 
program to lower 
diabetes risk factors 









Mean age 58 
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Age of Cohort D1 Age 
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education on type 2 
diabetes: the REDIA 
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Age of Cohort D2 Age 
Agurs, T. D. 
(2012) 
Efficacy of a weight 
loss and exercise 
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C., et al. 
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patients with newly 
diagnosed type 2 
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adverse effects of 
insulin therapy in 
overweight/obese 







Age of Cohort D2 Age 
Dobrosielski, 
D. A., et al. 
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ADAPT trial 
participants 40 
to 70, mean 
age 57 (7) 
Age of Cohort H Age 
Cochrane, T., 
et al. (2012) 
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research ed.) 
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B., et al. 
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(2013).  
Type 2 diabetes 
patients educated by 
other patients 
perform at least as 








Mean age 60 
SD 10 
Age of Cohort D2 Age 
Hollekim, S. 
M., et al. 
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arterial stiffness and 
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Follow-up less 
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Dhameja, K., 
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Therapeutic effect of 
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 Jones, J. L., 
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Lin, P. H., et 
al. (2013).  
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Intake. 
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et al. (2013). 
The effect of 
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psychological 
distress, cortisol and 
obesity: results of 
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al. (2013).  
Association of a 
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disease risk factors: 
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al. (2013).  
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on the prevention of 
myocardial infarction 
in type 2 diabetes: 






Protocol Protocol Protocol 
Cohen, D. L., 
et al. (2013).  
Lifestyle Modification 
in Blood Pressure 
Study II (LIMBS): 














Protocol  Protocol Protocol 
Crowley, M. 
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Heart Lifestyle 
Intervention 
(SAHELI) study to 
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Coding Key for grouping Excluded Studies 
D2 = Diabetes secondary prevention 
D1 = Diabetes primary prevention 
PL = primary prevention low risk 
NRCT = non-rct/study design/limited or no control 
H Age = Hypertension Study, Age of Cohort 
C2 = cardiopulmonary disease secondary prevention 
F<3 = Follow-up less than 3 months 
PP = Paediatric Population 
NEI = No exercise intervention 
Attrition 
BPN = Blood pressure not reported 
ECD = Established chronic disease (other) 
SA = Secondary Analysis 
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Figure S1: Funnel plot of intervention effects on systolic blood pressure 
exploring publication bias within reported trial intervention arms at 3 to 6 
months follow-up. 
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Figure S3a: Standard mean difference intervention effects on weight loss 
between control and exercise group at 3 to 6 months follow-up. 
 
Figure S3b. Funnel plot of standard mean difference of weight between 
intervention and control at 3 to 6 month follow-up exploring weight loss 
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Figure S4a: Forest plot of mean difference in systolic blood pressure between 
control and exercise group at 3 to 6 months follow-up. 
 
Figure S4b: Forest plot of mean difference in diastolic blood pressure between 
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S5a: Forest plot of mean difference in systolic blood pressure between control 
and exercise group at extended follow-up after 12 months. 
 
 
S5b: Forest plot of mean difference in diastolic blood pressure between 
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